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THE LIMITATIONS OF TAXONOMY? 


It is a matter of common observation that taxo- 
nomic work in entomology is more highly regarded 
tuan formerly. I remember less than thirty years 
ago, when a student of mine went to an eastern ento- 
mological center for advanced work, he wrote back 
to me that no courses in classification of insects were 
provided; the students, he wrote, were supposed to— 
work this up on the outside. Now in the same insti- 
tution are offered a series of taxonomic courses in 
entomology, covering most of the orders. Even at 
the beginning of the present century, very few ento- 
mologists occupied positions where classification was 
a recognized part of their duties; generally those who 
did the necessary identification work were paid 
ostensibly to do something else. But now we find 
a considerable number of taxonomic positions in 
entomology in the United States—not all as well paid 
as they should be, of course, but hopefully established. 
The great expansion of economic work in entomology 
has made exact identification a fundamental requisite, 
as is now universally recognized. 

From this fairly secure position I wish to survey 
the field and point out some limitations of taxonomy 
which make me doubt whether even within our own 
fraternity the difficulty of our task is fully appre- 
ciated, and whether without a more general apprecia- - 
tion of the requirements of our science we can hope 
in the next few decades to approach in any acceptable 
degree toward the ideals we hold. 

The first and most obvious difficulty is the incon- 
ceivable number of species to be classified. I can 
well remember when a venturesome but far-seeing 
entomologist predicted that the living insect species 
of the world would ultimately be found to number at 
least a million. At the time many thought the esti- 
mate extravagant; but now it is seen to be far too 
low. It is claimed that the number now described 
and named is about 640,000, and the annual addi- 
tions run far into the thousands. Walther Horn has 
recently put the difficulty this way: 


Whoever as an entomologist looks into the future 
knows full well that we are steering into a shoreless 
sea, no matter whether he estimates the total number of 
insect species at three, ten, or fifteen millions. In the 
near future any beginner will be grayheaded before he 
has caught up with what is already known. 


1 Address of the retiring president of the Entomologi- 
eal Society of Washington. 
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I am reminded of a proposal made years ago by 
Professor Burt G. Wilder, who was an enthusiast on 
the structure of the brain. In a published article he 
lamented the fact that a student beginning in college 
to specialize on the brain could in the course of an 
average lifetime just about catch up with what was 
already known, leaving him no time to make further 
discoveries. The professor proposed in all seriousness 
that the study of the brain must be commenced at an 
earlier age, suggesting as I recall that about eight or 
ten years would be a suitable one for the beginning 
student. We might consider the same course in ento- 
mology, but even this would relieve the situation for 
only a few decades, when the increased number of 
species would fill the time as full as it now is. Ob- 
viously nothing but more narrow specialization can 
overcome the handicap of expanding numbers; later 
I shall reeur to.the disadvantage of this. 

Another physical difficulty lies in the fact that the 
larger part of this great host of insect species is 
not yet captured. Before they can be classified they 
must be collected and preserved for study. 

Allied to this is the almost insoluble problem of 
seeing the types, when as usual those desired are scat- 
tered in museums over the world. 

Yet another physical difficulty is the task of as- 
sembling the library and indexes which will enable 
the student to work under proper conditions. And 
this difficulty increases even more rapidly than the 
number of insects, as the books required become not 
only more numerous, but more costly. When I began 
to study Diptera in 1890 there were but a few ex- 
pensive works on the subject to be bought; in the 
succeeding years I was able to add what followed so 
gradually that it was not a severe tax to build up a 
library in the order. But the beginner must now be 
prepared to spend liberally, or else must establish 
himself in an institution where a large library exists; 
if he work by himself with only a few books, he will 
have to confine himself to a very narrow specialty 
indeed. The indexes present a problem even greater, 
for they take a vast amount of labor in preparation 
and are found in only a few places, and even there 
are more or less imperfect, often including only North 
American species. If the worker make his own, this 
is another factor holding him to a narrow field. 

If we assume the impossible case that the taxonomist 
has overcome the difficulties mentioned and has as- 
sembled all the material, including types, and all 
necessary library and indexes, he is ready to proceed 
with a natural classification of the group. That is, 
according to the ideal generally accepted, he must 
make his classification conform to the evolutionary 
history and relations of the group. How is he to 
ascertain these? To show how much is involved, I 
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will mention the lines of approach he is supposed , 
use, taking them from Heikertinger’s convenient » 
view of Karny’s new book, “Methods of Phylogeneij, 
Investigation,” with some explanations of my ovn, 

(1) Paleontology. In the higher insects this jg , 
field but little explored. The fossils as far as know, 
are useful principally for the higher categories, anj 
for the lower orders. 

(2) Geographical distribution. This may thmy 
light on the evolution of existing forms and is gene. 
ally far more useful for relationships of genera anj 
species than the preceding. 

(3) Ontogeny, or the development of the individ. 
ual. This is an application of the biological lay 
that the individual in its development recapitulate 
the evolution of the species to which it belongs 
There is scarcely a group of animals in which the 
application of the law is attended by greater difficulty 
than in insects, especially the higher forms. In 
Diptera, for instance, the larva is not ancestral t 
the adult in structure, but rather a side development, 
as Comstock has pointed out. This cuts out the later 
ontogeny, leaving only the early embryonic stages to 
be considered, which at best are significant only for 
the higher categories. 

(4) Morphology. This is what is generally used, 
almost to the exclusion of other lines of study. 

(5) Ecology. This may indicate causes of varia- 
tion in climate or immediate surroundings. 

(6) Teratology, the study of monstrosities, which 
sometimes are much more primitive than the normal 
form of the species. For instance, Professor Wheeler 
once figured a specimen of Dilophus having a super- 
numerary antenna growing out of a fore coxa; this 
antenna was of a much more primitive kind than that 
of the normal Dilophus, and seemed to indicate that 
Dilophus is a derivative of the Nematocera, which in 
this case is abundantly confirmed in other ways. 

(7) Experiment. 

(8) Chemical and serological methods. 

Merely to enumerate this list is to show how far 
we are from the ideal classification as yet. We rarely 
see any important use of factors other than morphol- 
ogy and distribution. 

One of the fascinating but difficult problems of 
classification is what to do with complex species. 
We all know that the geneticists have produced 4 
host of Drosophilas which if occurring in nature 
would be called distinct species or genera, but which 
are explained as being merely assortings of the 
hereditary matter in the chromosomes. When Wwe 
know the secret of their origin we can not call them 
species; they are more like the breeds of domestic 
animals. But amid other species in nature we may 
be misled by the occasional occurrence of a striking 
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orm arising in the same way, which looks to us like 
true species. 

There are also in nature the well-known cases of 
sect strains, where habit differs and is inherited in 
he apparent absenee of structural characters. For 
stance, Exorista larvarum of Europe attacks both 
he ZYPSY moth and the brown-tail moth, while in 
ris country the same fly, as far as structure indicates, 
tacks neither. The apple maggot fly has appar- 
ntly produced two offshoots, one of which attacks 
he blueberry in Maine, the other the snowberry in 
British Columbia, while neither troubles the apple. 

A few miscellaneous cases may be added. There 
re many species of plant lice which have two host 
slants migrating from one to the other at certain 
vasons, and changing on the second plant to a form 
which taken by itself would be supposed to be quite 
, different genus from that on the first. Dr. A. C. 
Baker, you will recall, recently stated in our society 
hat when he transferred a certain aphid to a dif- 
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ent, ferent food-plant from the normal one, in a few gen- 
alet MEations he detected constant differences in the 
S 0 Binatomy; these differences might have been the basis 


for Mt a new varietal name if he had not known the 
history of the case. Mr. S. A. Rohwer tells me of 
2 parallel case in sawflies, where he had drawn up 
he description of a new species, but happened before 
publication to discover that it was a known species 
ransferred to a different food-plant. Mr. H. S. 
Barber finds that fireflies at Plummer’s Island have a 
ertain mode of flashing at one time in summer, and 
wo weeks later a different one. The seventeen-year 
ocust has a little brother with a shrill voice, which 
has been given a different specific name. I have 


* recorded that in the middle west the pale Cerodonta 
a 
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 grsalis changes in its late fall brood into the dark 
|) Biform femoralis, characteristic of the Rocky Mountain 
region. A series of classic experiments have shown 
tow light and dark forms of Lepidoptera may be pro- 
” lueed by modifying the temperature and humidity 










luring the pupal period. The beetles inhabiting the 
narow, cold coastal strip of Oregon and Northern 
alifornia are darker in color than the same species 
living a few miles farther inland. Dr. W. R. Thomp- 
on has lately published figures of three recognizable 
oms of first-stage larva in Masicera senilis, the later 
ages of which seem to be all alike. Similarly Dyar 
aid Knab found a number of cases in mosquitoes 
rhere two distinet larval forms produced apparently 
4 single species of adult. 
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we These are only a few illustrations of what I mean. 
a The problem I wish to eall to your attention to in this 

“nnection is the difficulty of expressing such com- 
'Y B@plicated and varied relations in the scientific name. 
8 BBVe are limited to two or at most three words, and 
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it seems to me that the mass of information we are 
asked so to convey is beyond the capacity of lan- 
guage. If we trust to varietal names, we shall have 
so many different kinds of varieties that the tradi- 
tional use of this category for minor structural dif- 
ferences will be completely obscured. 

Somewhat akin to the preceding are the difficulties 
arising from the introduction of new groups of char- 
acters, especially those of the larvae. It is natural 
to assume that the larval characters can not con- 
tradict those of the adult when brought into the 
taxonomy, and yet in the higher orders, as the Dip- 
tera, where the present larval form is not ancestral, 
the statement is not axiomatic. Our existing classifi- 
cation of the adults may be a misinterpretation of 
evolution which can be corrected by reference to 
larval characters; but it is just as likely that we are 
misinterpreting the larval characters, which have been 
as yet so little studied. I would not mention genitalic¢ 
characters here as presenting a difficulty in separating 
species, for they are helpful in the extreme; they do, 
however, lead to new combinations in genera and are 
as much subject to misinterpretation here as the 
larval characters. 

So far I have been dealing with physical limitations, 
tending as I think to delay or prevent the consum- 
mation of a complete classification of insects. I now 
pass to certain difficulties of a much more complicated 
order, the psychological or subjective ones, which 
have to do with the mentality of the taxonomist. It 
was for some time my intention to eall this talk 
“The Psychology of the Taxonomist,” but I finally 
decided to take in the physical factors. 

The taxonomist has on the average no special psy- 
chological peculiarities, but I think in him the work- 
ing of ordinary processes will account for some com- 
mon deflections of judgment. 

One of these processes is the magnification of one’s 
own work or property, by virtue of which in a few 
years of study an entomologist becomes convinced 
that the suborder with which he works ought to be 
considered an order, the family ought to be two or 
three families, and so on. I had been working only 
a couple of years on Diptera when I got hold of the 
Hyatt and Arms treatise on insects, in which Dr. 
Hyatt expressed the opinion that the Diptera are the 
highest of all the large orders. I was delighted with 
the idea, so much so that I published an article in 
ScrENcE (XIX, 1892, p. 244) endeavoring to sup- 
port it. For a number of years I was thrilled when 
I thought that my favorite order was the highest. 
But that was a good many years ago; now I feel no 
personal interest in the matter. I might add that 
my article drew a note from a dipterist who was 
specializing in the housefly group, in which he claimed 
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that the housefly, and not as I had thought the sheep- 
tick, is the highest of insects. 

It is of course an equally common fallacy to attach 
too much importance to a thing simply because it 
is close at hand. This error is akin to the preceding, 
but can be separated in part at least. Probably the 
reason so little attention is paid to fossil insects, or 
to exotic forms, may be looked for here. The indif- 
ference of most entomologists to insects from outside 
the country or region to which they limit themselves 
is almost appalling. One encouraging sign of the 
times is the change in this regard in the United States 
within ten or fifteen years, in which I am happy to 
say the National Museum is taking the lead. 

The subject can not be analyzed without mention 
of the case where the individual is so ambitious to 
attach his initials to as much as possible of the frame- 
work of classification that he seems bent on intro- 
ducing the greatest possible number of new names. 
It is hard to diagnose some eases clearly, as an 
entomologist may merely be infected with the idea 
that all change is improvement; or he may honestly 
and perhaps with justice believe that previous work 
in his specialty has been notably poor. 

Of all fallacies in taxonomy, the all-pervading one 
is that the relationships are better expressed by the 
continual dividing of the categories. We “raise” a 
suborder to an order, a subgenus to a genus, etc., 
world without end. The result achieved is generally 
a reduction of the value of the term—in other words, 
the inflation of our taxonomic currency. I think it 
no exaggeration to say that the family has about 
half the value now that it had when I began, and 
the genus probably one fourth. These changes have 
been made without materially altering the indications 
of relationship, which were just as clearly evident 
before inflation as after. 

In this connection it might be worth while to con- 
sider this fact; suppose a class of animals—any class 
—to be divided into twenty-eight orders; each of these 
to be divided into twenty-eight families; each family 
into twenty-eight genera; and each genus into twenty- 
eight species. We should then have provided classifi- 
cation for 614,656 species, or by chance almost ex- 
actly the number now known in Hexapoda. Of 
course no one would think of suggesting that every 
genus should have twenty-eight species, but should 
not the law of averages have some scope in a number 
so immense as 600,000? 

There is one phase of the matter which does not 
. always receive consideration. Classification has two 
functions—to express the relations between organisms, 
and to give us names for the different kinds which 
shall be stable and universal. Linnaeus worked out 


the idea of a scientific name consisting of the genus 
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and species; the latter was the name proper, yhi, 
the former connected the species with a group of 
similar forms. One name defined, and the other 
located the species. The genera of Linnaeys were 
comprehensive, about like the family of the Present 
day, which was absent from his scheme. Immaj, 
ately after the publication of the tenth edition af 
Linnaeus, Geoffroy proposed to divide the genus, 
where large, into families; the idea was not accepted, 
however, and some years later the family came jy 
again, this time to be accepted, as the next category 
above the genus. I have often thought that od 
scientific names would better fulfil their function j 
Geoffroy’s scheme had been followed. Under it the 
generic name would still be as comprehensive ag oy 
present family name, a great advantage over oy 
existing system, under which the genus often fails 
to connect the species with any other whatever, ani 
in many other cases with only one or two. 

In the second part of Brauer and Bergenstamn’s 
large work on the Muscoids of the Vienna Museu, 
this sentence occurs: 


Whoever works with a narrow group that is rich in 
species and begins to separate these, ascending from the 
smallest groups to higher ones, easily falls into error 
regarding the value of categories; for it is easy to dis. 
tinguish so many within the limits of a single gens 
that is rich in species that, without keeping in view the 
entire field of zoology, it seems that all the categories 
repeat themselves within the single genus. 


Here is the explanation of the error; we do these 
things without keeping in mind the whole field of 
zoology. In our little field we readily distinguish 
several orders of groups, one above the other; and 
without the survey just mentioned, we attach to these 
the names which in the broad view belong to larger 
categories. It is the commonest fault of taxonomy, 
and one to which the beginner is especially likely to 
fall a victim. He soon comes to feel that the con- 
servative course is likely to be interpreted as inability 
to see characters. 

There may be less difference than is commonly sup- 
posed between splitters and lumpers in what they see 
—the difference may be far more in the terms they 
use. This is especially true in the matter of gener. 
In fact, a taxonomist may be a lumper in genera ant 
a splitter in species, and I think a good deal may be 
said in favor of this position. 

It will, I think, be apparent that there are great 
and varied difficulties in our task, and as we (Ol 
template the future they seem even more serious. 4s 
specialization becomes ever more narrow, it will ©" 
tinually be harder to attain the perspective whieh 
alone can guide to the correct use of the chief cate 
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ories. Intensive study is already modifying our 
idea of the species to a great extent, so much that 
some are beginning to doubt if such an entity exists; 
and yet without it we are completely undone and will 
nave to begin over again. The physical and per- 
sonal limitations of those who do the work must 
always keep the quality far below the ideal which I 
have discussed. Criticism is usually a generation be- 
hind publication, so that the poorest work may stand, 
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} Wer 
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we as we often see, for twenty or forty years before it 
ecory mE is competently revised. Moreover, the ablest taxono- 
t ont mists are likely to be the very ones to succumb to the 
on if Me higher rewards of administrative and economic work, 


tt the and so fail to make the contribution of which they 
S our fmm are capable. 
our I wish I could close with a strain of optimism, but 
fails EE the best I can say is this: Taxonomy demands the 
andi highest talent, and those who prove their fitness 
should have every facility and inducement; there is 
mms ME increasing recognition of this fact, and here lies the 
eum, fe only hope that this basic science can perform for 


S humanity the service demanded of it. 
J. M. ALDRICH 
*h in U. 8S. NATIONAL MUSEUM 





i THE ELECTRICAL ENGINEERING RE- 
en SEARCH SITUATION IN THE 
hee AMERICAN UNIVERSITIES 


PRODUCTIVE research is both the criterion and ve- 
hicle of scientific progress. This fact makes univer- 
hese MB sity research of especial importance, not only because 
| of MM of the additional knowledge that is obtained, but also 
uish @™ because of the close relationship existing between col- 
and @% legiate research and scientific education. In view of 
hese MM the great amount of discussion going on at the present 
‘ger MF time regarding engineering education it is interesting, 
my, @™ and very much worthwhile, to investigate the research 
; to @™® situation in the technical schools of this country. The 
on- MF following paragraphs give the results of such an in- 
lity @ vestigation into the field of electrical engineering. 

It is a relatively simple matter to determine with 
np- @™ sttisfactory accuracy the amount of productive re- 
see @@ search being done in our electrical engineering schools. 
ney #™ Practically all researches of permanent value which 
ra, American electrical engineers perform are reported 
nd @% in the Transactions of the American Institute of Elec- 
be @ ‘tical Engineers. To obtain a very good idea of the 

electrical research being done in this country it is 
at Merely necessary to count titles in the Transactions 
n-f ‘or a period of years, omitting articles from foreign 
As @ Sources, presidential addresses, and papers of a gen- 
n- eral nature which do not represent contributions to 
eh science. Fortunately nearly all the articles published 
¢ @ 0 the Transactions are of a technical nature, and 
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represent research work of some kind, or at least the 
accumulated experience gained by years of observa- 
tion of electrical equipment. 

During the six-year period from 1920 to 1925, in- 
elusive, 442 technical articles appeared in the Trans- 
actions, of which 54, or 12.2 per cent., had a college 
source. This gives an average of nine papers a year 
as the annual production of our many teachers of 
electrical engineering and of their students doing 
thesis work. Considering the results separately by 
years gives the following table: 


Articles in Transactions of the A. I. E. E. 1920-25 


Per Cent. 

Year Total College College 
 hictictenennin ‘ 60 5 8.3 
a - 36 3 8.3 
See 66 5% 8.1 
SPSS 80 13 16.25 
Se 113 13% 11.95 
REE ee 87 14 16.1 

OEE siiniacscictnss 442 54 12.2 


The fractional titles are the result of joint author- 
ships. It is to be noted that while the amount of 
research being done in America in electrical engineer- 
ing jumped very greatly as soon as research programs 
got under way after the war interruption, yet the 
proportion coming from colleges is substantially 
constant, and is in all cases surprisingly small. 

It might be expected that the remarkable develop- 
ment of the radio field in recent years would absorb 
much of the creative effort of electrical engineers. 
Analysis shows that such is not the case. A survey 
of articles appearing in the Proceedings of the Insti- 
tute of Radio Engineers for the six-year period from 
1920 to 1925 shows that 174 articles were published, 
of which twenty-seven and one half, or less than five 
per year, had a college source. Furthermore, the 
radio field goes so far into the realms of the physicist 
that over half of these five articles per year must be 
eredited to physics rather than to electrical engineer- 
ing. 

The results given above do not include all the re- 
search results published by electrical engineers, for 
the electrical engineer does not always report his 
researches in the publications of the national radio 
and electrical societies. From time to time impor- 
tant articles which should be credited to electrical 
engineering appear in other places, particularly in 
the magazines of the physicists and mathematicians. 
However, a glance at the bibliographies of electrical 
engineering papers shows clearly that the number of 
such stray articles that should be credited to the 
American electrical engineer, and particularly to the 
engineering schools, is relatively small, and can be 
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neglected without impairing conclusions drawn from 
the data already given. 

In the six-year period considered fifty-four tech- 
nical articles from a collegiate source appeared in 
the Transactions, and forty-three and one half of 
these fifty-four are credited to five colleges. The 
remaining several hundred schools of electrical en- 
gineering together produced ten and one half articles 
in six years. Only one electrical engineering depart- 
ment produced more than two radio papers in the 
six-year period. The following table gives the uni- 
versities having productive electrical engineering de- 
partments: 

















Articles in Transactions of the A. I. E. E. 1920-25 
Eg, ACI 15 
a inl aecaececincennittaitainsinenios 10% 
Stanford 9 
ER EES See ene en ere 5 
Purdue 4 

Articles in Proceedings of I. R. E. 1920-25 
Columbia 7 





The researches reported by the universities cover a 
very wide range of subjects. The high voltage field 
is most popular, but articles are found covering prac- 
tically every phase of the electrical industry except 
certain of those branches that can only be carried on 
by national organizations, such as the telephone com- 
pany. 

The number of men with university connections 
who are active in research work is rather small. Con- 
sidering a college professor as a productive research 
worker if he and his students together turn out one 
technical paper of scientific value every two years, 
it is found that in the six-year period from 1920 to 
1925 there were eight productive research workers 
on the staffs of our electrical engineering schools, and 
these eight men and their students produced over half 
of the university research. Three of these were at 
Massachusetts Institute of Technology, while the other 
five were distributed one to a college. Only one of 
the eight published anything on radio. 

The summary of this survey shows that the electri- 
eal engineering schools of our country produce about 
one eighth of the electrical and radio research that 
is reported in the pages of the national engineering 
societies. This represents about eleven articles a 
year. Of these eleven articles coming from the col- 


leges each year, approximately seven come from four 
universities. Apparently not over a dozen technical 
schools are making much if any effort in the way of 
research. Over half of the university research in 
electrical engineering is the work of eight men. 

This is the situation, and it now remains to consider 
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the consequences of this condition. University », 
search in electrical engineering is primarily Significan 
as an indication of the situation that exists to-day iy 
the education of electrical engineers. The laboy, 
tories of the big electrical companies make technical 
progress assured even without any university research 
but the country’s supply of technically trained young 
men can come only from the university. 

Research means progress, and above all things jt 
signifies that the producer of research must be a 
authority on at least one subject. It is safe to dray 
the conclusion that an institution which turns oy 
research work in a certain field of engineering yjj 
be able to give its students the best and latest tha 
is to be had upon this subject. This makes it oy. 
dent that an institution which is performing resear:) 
work in practically all lines of the electrical indy. 
try is best fitted to give its students the broadest ani 
most up-to-date training possible. 


While the research worker must be an authority, it | 


is possible to be an authority without being a researe) 
man. Possible, to be sure, but not likely, for the 
university man who keeps in touch with everything 
and who understands the significance of new develop- 
ments will be continually getting ideas. It is a very 
unusual man who will keep up in the firing line of 
progress and not lift his own hand or direct the 
hands of his students in an effort to advance the front. 
Almost inevitably such a person upon reaching the 
front line will either put his shoulder to the wheel or 
will stand still and let the rest of the world go o 
ahead. The electrical industry is so new and 3 
progressing so rapidly that one can lose out con- 
pletely with new developments in a period of from 
five to ten years, and a man who received the very 
best of training ten years ago is entirely out of the 
running now unless he has kept moving ahead. This 
makes one begin to suspect that perhaps most of our 
electrical engineering schools are trailers of the elec 
trical industry in general, rather than leaders of 
progress, as generally assumed. There are very fev 
colleges that can give as good an answer to a “red- 
hot” question in electrical engineering, as the engine! 
in the laboratories of the General Electric Company, 
Bell System Laboratories, ete. 

This is the situation; why does it exist? Lack of 
equipment can be dismissed at once, for although some 
electrical researches require expensive equipment! 
there are many that do not. Pencil and paper col 
stitute the main essentials for the investigation of 
many problems. There are probably a great many 
factors that enter into the matter, but the most im 
portant undoubtedly are first, heavy teaching sched: 
ules which leave little or no time for study and I 
search; second, lack of adequate training of teacher 
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of electrical engineering; and third, the fact that 
research is often much more poorly rewarded than 
other activities in which the engineer may engage. 
The overworked instructor is met on all sides. His 
| plight is unfertunate, but the fact that he has no time 
for research between his lectures explains but does 
not remedy the situation. Excessive burdens imposed 
on the teaching staff do not directly stifle original 
investigation, for students do a large portion of the 
time-consuming part of the university research. The 
effect of overwork is principally to make it impos- 
sible for the harassed individual to do the studying 
that is necessary if one is to keep up with industry. 
The inevitable result is that students are often taught 
by men who are unable to keep up-to-date, and these 
same students do thesis work which is inadequately 
supervised and is usually on antique problems. 
Inadequate training of teachers is perhaps the 
greatest handicap under which electrical engineering 
education suffers. The general ideals of what con- 
stitutes a well-trained engineer are very low. A great 
fraction of the young men on the instructing staffs 
have received only the bachelor’s degree and are not 
planning to go beyond this point. Some possess a 
master’s degree, but extremely few have gone so far 
or ever expect to go so far as the doctorate. Com- 
pare this with chemistry or physics, for example, 
where the best schools will not give permanent ap- 
pointments to a young man who does not have the 
Ph.D. degree or who is not very near this point. The 
low standards that prevail in the training of engi- 
neering teachers mean that the young instructor 
spends many laborious years educating himself to 
make up these deficiencies as best he can. A couple 
of years of graduate study would do the job much 
more thoroughly and leave the remaining years for 
productive research rather than for self-education. 
Most colleges do not expect the teacher of engineer- 
ing to do research as part of his job. They are 
pleased if he carries on original investigations, but 
he is not expected to do so and is usually not re- 
warded in a conerete way for such work. The able 
teacher who has a little spare time can more profit- 
ably employ it in building up a consulting practice. 
To be suecessful in this requires that the consultant 
possess more technical knowledge than his clients, 
but this does not necessarily imply a great deal of 
scientific knowledge. Other teachers write text-books 
for elementary students of electrical engineering—an 
occupation that has vicious possibilities. It gives us 
Poorly trained teachers writing poor text-books which 
will inadequately train future teachers who will write 
still more books. 
The tendency of the research situation that exists 
in electrical engineering is to create a self-perpetuat- 
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ing system in which a second-rate technical education 
is considered first class because of general ignorance 
that there might be something better. The student 
leaves college thinking he is thoroughly trained 
when he is only acquainted with the shadow of the 
real thing, and he does “research” work in obtaining 
an advanced degree that is not research in any sense. 
Giving a motor a thorough routine test or reworking 
some problem that was solved twenty years ago is 
not research in the true sense, even though the process 
may be new to the student. 

All the facts that have been presented are decidedly 
important in their effects on engineering education. 
To improve technical training, well-trained instruc- 
tors having several years of graduate study are essen- 
tial, and these men should be expected, and should 
be given the time, to follow closely technical progress. 
Curricula won’t help very much, for a curriculum 
does not of itself educate. If it did, every college 
in the country could adopt the curriculum of the 
Massachusetts Institute of Technology and be able to 
offer the same brand of training without a change in 
the instructing staff. It is practically as easy to 
direct a student’s thesis activities on really new prob- 
lems that are yet unsolved as it is to have him work 
on some problem that is new to him only—provided 
competent supervision, backed by original ideas, is 
available. Practically every thesis investigation 
should be spent in obtaining evidence and facts that 
will at least contribute to future published work on 
the part of some one. 

Many of the important aspects of engineering edu- 
cation are not appreciated by the ordinary engineer, 


who has too often had no opportunity to gain a con- 


ception of what constitutes thorough training or 
genuine research. Questionnaires sent to practicing 
engineers are valueless as far as such matters are 
concerned, and the usefulness of the questionnaire 
anyway is dubious in deciding most of the problems 
of technical training. The psychologists long ago 
discarded the questionnaire method of ascertaining 
truth and now use it only where they desire opinions. 
In fact, the educational opinions of most college- 
trained men are unique. As President Wilbur has 
put it, the college graduate buys a 1927 automobile, 
a 1927 radio set and a modern house, but he clings 
to the college of his youth and wants his children to 
have the same education he obtained, an 1899 model. 

This situation probably exists in other branches of 
engineering to about the same extent as in electrical 
engineering, although the writer is not in possession 
of the detailed facts on this point. There is a com- 
mon feeling that something is not just right with 
engineering education, but it will take more than 
questionnaires and symposiums on curricula to get 
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us far enough out of the present rut to show that 
there are better paths within access. At present we 
are content to pay homage to Steinmetz, Pupin and 
Tesla, while making no effort to offer at home the 
thorough training these men obtained elsewhere. 
FREDERICK EMMONS TERMAN 
STANFORD UNIVERSITY 





WHAT IS A PLANT? 


A PLANT is a living thing, typically green, possessing 
a green pigment, chlorophyll, by means of which it ab- 
sorbs a part of the energy of the sunlight; by means of 
this energy it decomposes carbon dioxide; it uses the car- 
bon, with water, to form its carbohydrate food; since its 
necessary food is everywhere, it does not have to have the 
power of locomotion; and since it does not have to move, 
it can protect itself with rigid walls of cellulose... . 


But, 
there are animals which during the most of their lives 
are fixed in one place as securely as typical plants are 
fixed. Some plants at all stages of their lives, and many 
plants at some time in their lives, have the power of loco- 
motion, or at any rate are freely moved about. While 
plants are typically green, it is not impossible that the 
time will come when more kinds of plants are known with- 
out chlorophyll than with it.... 

Why, then, are they called plants? Not because they 
have the majority of the characteristics of plants; for 
they are not green, and can not use carbon dioxide as 
food, and they may have the power of motion and be 
destitute of cellulose. Yet they are plants. The reason 
goes back to the idea that the plant kingdom is a group 
of creatures which are really related, which have common 
ancestors. Any living thing which is descended from the 
ancestor of the plant kingdom is itself a plant, whether 
or not it has retained the typical characters of plants. 

Still farther back, there was doubtless a common ances- 
tor of both plants and animals; and there are living 
things in the world which are less related to plants than 
animals are, and less related to animals than plants are. 


This is commonplace, indeed; so elementary that it 
can be quoted from an old text for beginners averag- 
ing perhaps sixteen years in age. It is intruded on 
the—perhaps bored—attention of the professional 
botanist and teacher, because, as logical as a good 
lawyer, and hardly less the slave of precedent, he 
constantly ignores its consequences. Quoting still 
from the same very elementary text: 


The plants and animals which we see about us seem 
very different indeed. A man or a horse differs from an 
orchid or a sunflower as widely as the time that plants 
and animals have existed upon the earth has permitted 
the difference between living things to become. If we 


follow the line of plant development backward or down- 
ward from the sunflower, we will find the characters 
which make up our usual idea of a plant gradually to 
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disappear. The first to go is the showy structure of the 
flower. ... The seed goes next. No seeds are found 
among the Archegoniates. Leaves are still present, byt 
if we move downward to the next*lower group, we shal 
lose them also. .. . If we follow the line down to ty 
lowest Algae, we come to plants which no longer sho, 
any suggestion of a distinction of roots and shoots, , _ 
Still, these lowest Algae are plants. ... If we begin a 
the top to follow down the line of development of th 
animal kingdom, we shall see the characteristic stry. 
tures of the higher animals, hair first, then bones, ¢y, 
disappear, as did the flowers, seeds and leaves of the 
higher plants. At the bottom of the animal kingdom, 
come again to organisms each of which consists of , 
single cell, but this cell still an animal. However unlike 
the higher animals and the higher plants may be, whe 
we come to the examination of the plants and anima; 
which are single cells, we find that these one-celled organ. 
isms, plants and animals are infinitely more like each 
other than either is like the highly developed creatures 
which have descended and been developed from them, 
The animal kingdom, like the plant kingdom, may well 
be pictured as a tree, and we have come now to the point 
where it must seem exceedingly probable that the two 
trunks grow from a common root. 

There are many one-celled plants, and many one-celled 
animals. . . . Some of these share the characters of the 
two groups so impartially that the question, which they 
really belong to, is merely one of definition. The defixi- 
tion of a plant may be made to include them, and » 
may the definition of an animal. Neither is the question, 
to which kingdom they belong, of any real importance. 
If two trunks grow from a common root, who shall decide 
to which trunk the root belongs? 

This much we can say: from green flagellates the 
plants are descended, and from colorless flagellates, the 
animals. Since the plant kingdom is reasonably spoken 
of as constituting a vast group of living things for the 
sole reason that all of these living things have a common 
descent from the green flagellates, it follows that there 
can be no possible good reason for calling any living 
thing a plant, unless it is descended from these green 
flagellates. 


There are alternatives, to which we will return. 


There is no reason why other lines of development 
should not have arisen from the fundamental flagellate 
stock; and the flagellates themselves are not so primitive, 
but that they must in turn have had their ancestors; and 
these ancestors ought not to be included in plants or i1 
animals. There are a large number of organisms know), 
which, for one or the other of these reasons, must be rt 
garded as neither plants nor animals. . . . For instance, 
the group of the Chytridineae, which usually have beet 
included among the Fungi, seem very probably to be 
descended directly from the flagellates, independently of 
the line of primitive Algae from which the plant kingdom 
has developed. If this is the case, they are not, in the 
sense of systematic botany, plants at all, but a distinct 
group of living things. 
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Beside the two great trunks which grow from the com- 
non flagellate stock, other shoots have evidently started. 
There may well have been many of these, which disap- 
eared from the face of the earth. There are probably 
everal which still exist, but none of these have been able 
, develop into great kingdoms as have the two main 
runks, the plants and the animals... . 
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“The most primitive living things of which we have 
‘nowledge, and therefore the most probable ancestors 
f all the living things in the world . . . are certain 
of the Schizophytes”—those able to live independently 
f other living things or their products. The text 
muoted goes on to treat of the Schizophytes as a dis- 
inct kingdom of living things, less conspicuous than 
plants and animals, but probably first in the number 
of individuals and of really great importance in its 
relations to humanity. 

Besides these three great kingdoms, there is a 
whole list of “The Minor Kingdoms of Living 


we Things.” Here are listed the Flagellata: The Pro- 
point fam t0202, including the rhizopods, Heliozoa, Foramini- 
tno tera, Infusoria and others, not farther discussed be- 

cause, by settled usage, they are subjects of the zool- 
elled MBogist: Myxomycetes, which receive the usual couple 
"the of pages; Chytridineae: Peridineae: Phaeophyceae, 
they 


treated in their aspects of general interest, but with- 
out any such detail as is usual when they are regarded 
as true plants: Diatoms: and Volvocineae. The 
Florideae and Conjugatae would as well have been 
added to this list. This was not done, because the 
guiding prineiple in the setting up of the minor king- 
doms was not the lack of evident relationship to the 
plants, but rather the more or less established direct 
connection with organisms lower than those recog- 
the MB nized as plants. 
we I have quoted the old text, in preference to pre- 
ad senting the same matter anew and perhaps better, 
-oon A ecause it is in contrast with other texts. The fune- 
tion of a text is to present the subject acceptably. 
Up to a decade ago, perhaps five hundred students 
l. were given the presentation quoted: three score of 
them have been sufficiently attracted to scientifie work 
0 take master’s degrees, and two dozen have doctor’s 
«i degrees. No new argument could carry any such 
ini ote of demonstrated effectiveness. 
= In the light of time, the old text looks quite dog- 
wa, @™ “atic. There is no logical necessity of drawing the 
re MM bottom line of the plant kingdom between the flagel- 
ce, lates and the algae. There are two evident alterna- 
eel MM tives. The line of recognized plants may be carried 
down to the beginning of life, in which case animals 
are to be recognized as a branch of the plant king- 
the om; this alternative has always been open and evi- 
dent, but has made no general appeal. Or, a bottom 
line might be drawn somewhere else. The line is 
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arbitrary, wherever drawn. On general principles, 
the most primitive green flagellate makes an attrac- 
tive parent of the plant kingdom; but the breaking 
up of flagellata into natural groups, whether or not 
based on color, seems to be decidedly more difficult 
than the recognition of a line between the group as a 
whole and the algae. 

The choice of any one of the elementary texts in 
common use, to illustrate the contrast with the pre- 
sentation given here, would be invidious. The com- 
monest basie guide of their authors is almost certainly 
Engler’s classification, most compactly presented in 
the “Syllabus der Pflanzenfamilien.” No boundary of 
the plant kingdom seems to be fixed, except by infer- 
ence. In the ninth and tenth edition, 1924, pp. 
XXXVI and XXXVII, are listed thirteen divisions. 
In the body of the book, the first ten are treated 
on thirty-eight pages, while the remaining three take 
up 335. Comments under these first ten are: 


(1) Schizophyta: ‘‘No direct connection with higher 
plants. ’’ 

(2) Myxomycetes: 
plants. ’’ 

(3) Flagellatae: ‘‘Related to Dinoflagellates, Silico- 
flagellates, Diatoms, Conjugatae, Chlorophyceae and 
Phaeophyceae.’’ 

(4) Dinoflagellates or Peridineae: ‘‘Connected with 
Diatoms.’’ 

(5) Diatoms: *‘No connection with the higher divi- 
sions. ’’ 

(6) Conjugatae: ‘‘Connected downward with the 
Flagellatae, without connections upward.’’ 

(7) Chlorophyceae: ‘‘Connected downward with the 
Flagellatae; upward, a step to the lower Embryophyta.’’ 

(8) Charophyta: ‘‘ Very isolated.’’ 

(9) Phaeophyceae: ‘‘Connected downward with the 
Flagellatae; no connection with higher divisions.’’ 

(10) Rhodophyceae: ‘‘Very isolated,’’ but descent 
from Schizophyta suggested. 


‘*No connection with higher 


The remaining three divisions are fungi, embryo- 
phyta asiphonagama and embryophyta siphonagama, 
the last two more familiar as archegoniates and 
spermatophytes. 

Seven of these are avowedly unrelated to plants, 
if the “higher divisions” represent what plants really 
are. Four constitute a group of clearly related organ- 
isms—the things every man recognizes as plants. I 
would add to these the charophyta, until it is shown 
to belong elsewhere. And the only objection to add- 
ing the flagellatae is that the result is an increase of 
difficulty in definition and natural classification. But 
why are the unrelated seven divisions to be included ? 
To do so clearly violates the principle of phylogeny, 
which Engler constantly and rightly emphasizes as 
the guiding principle of his treatment and of all 
rational taxonomy. 
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If one suggestion of Engler’s is adopted, the vio- 
lence done to the guiding principle of phylogeny is 
still worse than if currently accepted views are cor- 
rect. “Mir scheint die Annahme berechtigt, dass bei 
der Entstehung einzelliger Organismen gleich anfangs 
mit verschiedenen Genen ausgestattete Schizophyten, 
Schizomyceten und Schizophyceen, Myxomyceten, 
Flagellaten, Dinoflagellaten, Bacillariaceen und Con- 
jugaten entstanden.” This appears to propose that 
all these divisions arose independently from inorganic 
matter. A plant kingdom, including them, is then 
no more “natural” than a kingdom of the stones. 

These various creatures do not disappear from the 
course in botany, just because they are not plants. 
To the extent that they are subjects of interest, this 
is still the most convenient place to become acquainted 
with them. Also, some knowledge of them is neces- 
sary for the understanding of real plants; just as one 
would begin with Chinese art and literature if his 
subject of study were Japanese civilization, and as 
the historian of a war must first picture its back- 
ground. Anthoceros is not regarded as a fern, how- 
ever important a knowledge of its life history is for 
the understanding of theirs. 

The most of the differences between different texts 
and different courses are very unimportant. It is, how- 
ever, very important that common sense, consistency, 
reasonableness, never be ignored. There is no other 
one thing so important in systematic biology as the 
fact that the grouping of organisms reflects and ex- 
presses their true relationships. It is inconsistent and 
unreasonable to begin the course in botany by doing 
violence to this basie principle. 

Summary: The living things are not all plants or 
animals. Nature has been more resourceful, more 
thorough in trying out the possibilities. Another 
kingdom, that of the bacteria, using the word in an 
inexact sense, is likewise world-wide in distribution, 
probably most numerous in individuals and very im- 
portant in its human relations. And, beside these 
three major kingdoms, there are a number of minor 
kingdoms, not unsuccessful, but much less successful 
lines of evolution from the primitive beginnings of 
life. 

: E. B. CopELanp 

CHICO, CALIFORNIA 





SCIENTIFIC EVENTS 


THE NEW OXFORD SCHOOL OF 
PATHOLOGY 


TxeE Sir William Dunn school of pathology at Ox- 
ford University, which has been three years building 
and has cost £70,000, was handed over on March 11 
by the Sir William Dunn trustees, the directors of the 
Commercial Union Assurance Company, to the uni- 
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versity. The opening ceremony was attended by many 
leading scientists, as well as by practically jj the 
senior members of the university. 

The new building will be under the direction of Pro. 
fessor Georges Dreyer, who has been professoy of 
pathology at Oxford University since 1907. }; hag 
been designed to give the best modern facilities { 
teaching and research. In the old department they 
was somewhat inferior accommodation for aboy 
twenty-eight students. In the new building there j 
room for at least fifty, with every modern facility 
Though by no means the largest, it is one of the bes 
equipped institutions of its kind in the world. Tip 
old department could not house more than ten researc) 
workers, some of them with inadequate quarter, 
Here there is ample accommodation for twenty-five, 
and each is equipped with a large room, electric light 
and power and the latest appliances and fittings, 

The general design of the building aims at sip. 
plicity. There are three corridors, one above tle 
other, running the entire length of the building. Re. 
search will occupy the eastern and teaching the wes- 
ern wing, and at the rear there is modern accommo- 
dation for animals. The study of the effect of light 
and of X-rays on living matter, the chemistry research 
and the biochemistry research are each furnished with 
special apartments. 

In the basement is a low-pressure chamber, which 
was designed during the war by Captain H. F. Pierce, 
now associate in physiology in Columbia University, 
built in the United States in 1917, and taken to 
France for testing air pilots. It was acquired by Pro- 
fessor Dreyer at the armistice from the American air 
force, and has since been used in a number of physio- 
logical experiments on the effect of altitude in produc- 
ing mountain sickness and other disturbances and for 
other experiments. The school has on the ground floor 
an ample provision of space for the development ot 
a fine departmental library. 

Mr. C. D. Seligman, who made the presentation, said 
in part: 


The trustees felt strongly that it was far better, in the 
interests of mankind, to get at the primary causes of dis: 
ease than to deal with disease when it had manifested 
itself. It was essential for this purpose that there should 
be a continued and sustained supply of men and women 
of the kind whose minds lent themselves to research, and 
what better place could they have for assembling such 
minds than the great seats of learning? While the Si 
William Dunn Trustees had endowed a school of biochem 
istry at Cambridge and a school of pathology at Oxford, 
the Rockefeller trustees had endowed a school of bit 
chemistry at Oxford and a school of pathology at Cam 
bridge. 
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ACTS OF CONGRESS RELATING TO 


SCIENTIFIC WORK 


FouLowING is a list of some of the acts of the last 
Pro, meongTess relating to scientific work: 


Many 
the 


or of u. R. 17138—Authorizing an appropriation of $50,000 
t has MMM, enable the secretary of agriculture to cooperate with 
S for ye South Carolina Agricultural Experiment Station in in- 













there MMvestigating the dairying and livestock industries and the 
bout fproblems pertaining to the establishment and development 
re jg Mot such industries, including’ cropping systems, soil im- 


srovement and farm-management studies related to such 


ility, : : . 
ndustries, and for demonstration, assistance and service 


i n developing agriculture of the Sand Hill region of the 
The outheast. (Appropriation lost through failure of second 
arch 


jeficiency bill.) 
ters, §, 1640—Authorizing the secretary of agriculture to es- 
-five, HiMablish and maintain a national arboretum on land within 
light (Mor adjacent to the District of Columbia for purposes of 
research and education concerning tree and plant life; 
wuthorizing the president to transfer to the jurisdiction 
of the secretary of agriculture by executive order any 
jand now belonging to the United States located along the 
Anacostia River north of Benning Bridge, to be used for 
arboretum purposes; authorizing an appropriation of 
10- #s300,000 for the purchase of additional land for ar- 
ight MiMboretum purposes, with a restriction that the purchase 
arch MMprice of any part of said land shall not exceed the full 
vith #value assessment of such property last made before pur- 
chase thereof plus 25 per cent. of such assessed value; 
and authorizing the secretary of agriculture to create an 
advisory council in relation to the plan and development 
of the national arboretum to be established under this 
act, to include representatives of national organizations 
to MiMinterested in the work of the arboretum. The act pro- 
’r0- MMvides that the arboretum shall be administered separately 
air @gtom the agricultural, horticultural and forestry stations 
if the Department of Agriculture, but that it shall be so 


sim- 
the 
Re. 


vest. 


hich 
Tce, 
ity, 


$10- 
7 correlated with them as to bring about the most effective 
for utilization of its facilities and discoveries. (Appropria- 












tion for land purchases lost through failure of second de- 
ficiency bill.) 

8. 4153—Authorizing an appropriation of $820,000 for 
the acquisition of squares 576 and 578 in the District of 
Columbia as an addition to the United States Botanic 
Garden. (Appropriation lost through failure of second 
deficieney bill.) 

8. 4910—Granting approximately 54,000 acres of pub- 
lic lands to the State of New Mexico for use of the New 
ad Mexico College of Agriculture and Mechaiie Arts in con- 
a Mg“ting educational, demonstration and experimental work 
mth livestock, grazing methods and range forage plants. 
id 8. 5722—Authorizing an appropriation of $876,398 for 
ch the construction of new conservatories and other neces- 
“wy buildings for the United States Botanic Garden. 

8. J. Res. 120—Authorizing acceptance by the seere- 
lay of agriculture of a gift of about 1,760 acres of land 
Teton County, Wyo., to be known as the Izaak Walton 
league Addition to the winter elk refuge maintained by 
the Biological Survey at Jackson Hole, Wyo., to be used 


oor 


aid 


the 


PrP fF at 
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for the grazing of, and as a refuge for, American elk and 
other big game animals. 


MEETING OF THE NATIONAL ACADEMY 
OF SCIENCES 


FoLLow1Nc is the program of scientific papers to be 
presented at the annual meeting of the National 
Academy of Sciences in Washington on April 25 
and 26. 


Monday, April 25, at 10:00 A. M. 


FRANCIS G. BENEDICT and CORNELIA GOLAY BENEDICT: 
The nature of the insensible perspiration. 

Dovuetas H. CAMPBELL: The embryology of Equtsetum 
debile Roxb. 

W. J. V. OSTERHOUT: Some aspects of protoplasmic sur- 
faces. 

FLORENCE R. SABIN and CHARLES A. DOAN: The effect of 
tubercle bacilli and the chemical fractions obtained 
from analysis on the cells of the connectwe tissues in 
rabbits. 

F. E. DENNY (introduced by John M. Coulter): The ef- 
fect of small amounts of chemicals in increasing the 
life actwities of plants. 

A. V. Hitt (by invitation): The measurement of the heat 
production of nerve (illustrated). 

R. W. Woop: Physical, chemical and biological effects of 
high frequency sownd-waves (illustrated). 

GEORGE A. BAITSELL (introduced by Ross G. Harrison) : 
Additional evidence as to the intercellular formation of 
connective tissue. 


April 25 at 2:00 P. M. 


L. E. Dickson: Generalizations of Waring’s problem on 
powers. 

R. A. MILLIKAN and I. 8S. BOWEN: Kelationships in the 
spectra of the elements of the first row of the periodic 
table (illustrated). 

F. E. WricHt: The polarization of light by reflection 
from rough rock surfaces, with special reference to the 
material exposed at the moon’s surface. 

WALTER S. ADAMS and ALFRED H. Joy: High dispersion 
stellar spectra and some results of a study of y Cygm. 

WALTER S. ADAMS and ALFRED H. Joy: The relationship 
of spectral type to period among variable stars. 

F. K. RicHTMYER (introduced by J. S. Ames): The 
variation of the adsorption of X-rays with wave length. 

K. T. Compton and P. M. Morse: Theory of the normal 
cathode fall. 

E. C. WATSON (introduced by R. A. Millikan): Spacial 
distribution of the photo-electrons ejected by X-rays. 

CHARLES E. St. JOHN: Revision of Rowland’s tables of 
solar spectrum wawe lengths. 

DE THIERRY (by invitation): Application of law of simili- 
tude to hydraulic laboratory research. 

DAYTON C. MILLER: Report on ether drift experiments at 
Cleveland in 1927. 

C. G. ABBOT: Periodicity in solar radiation. 


sapien 
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PavuL R. HEyL (introduced by G. K. Burgess): A re- 
determination of the Newtonian constant of gravitation. 

EpwarD KASNER: Differential invariants of irregular 
elements. 


Evening, at 8:80, in the Central Hall 


FRANK B. JEWETT and HERBERT E. Ives: Some recent ad- 
vances in the art of distant electrical communication. 


Following this address, to which the members of the 
scientific societies of Washington are invited, the rooms 
adjacent to the Central Hall will be open for the in- 
spection of the scientific exhibits. 


April 26 at 9:30 A. M. 


R. H. CHITTENDEN: Biographical memoir of William 
Henry Brewer. (To be read by title.) 

EDWIN H. HAL: Thermionic emission and the ‘‘ universal 
constant’’ A. 

H. F. BLICHFELDT: On the minimum values of positive 
quadratic forms. . 

W. H. Crew and E. O. Hu.BourtT (introduced by J. S. 
Ames): Pressures in discharge tubes. 

FRANCIS B, SILSBEE (introduced by G. K. Burgess): Cur- 
rent distribution in supra conductors. 

K. T. Compton and C. C. VAN VooruHis: Heats of con- 
densation of positwe ions and the mechanism of the 
mercury arc. 

W. A. Noyes: Magnetic hydrogen atoms and non-mag- 
netic hydrogen molecules. 

W. A. Noyes: The relation of the octet of electrons to 
wonization. 

JOHN C. MERRIAM: Exhibit of research results in the 
Grand Canyon. 

CHARLES W. GILMORE (introduced by John C. Merriam) : 
Footprints of unknown vertebrate animals in the Car- 
boniferous and Permian of the Grand Canyon, Arizona. 

Davip WHITE: The age of the Hermit shale in the Grand 
Canyon, Arizona, 

CHESTER STOCK and RALPH W. CHANEY (introduced by 
John C. Merriam): Fauna and flora of a new Pleisto- 
cene asphalt deposit near Santa Barbara. 

JOHN C. MERRIAM: Significance of geologic range, or life 
period of animal species. 

NEIL M. Jupp (introduced by W. H. Holmes): The archi- 
tectural evolution of Pueblo Bonito. 


April 26 at 2:00 P. M. 


D. F. HEweETT (introduced by David White): Late Ter- 
tiary thrust faults in the Mojave Desert. 

ARTHUR L. Day: Boring for natural steam in California. 

ARTHUR L. Day: Recent volcanic activity in Japan. 

DovuGLas JOHNSON (introduced by David White): Sea- 
level surfaces and the problem of coastal subsidence. 

‘Harry Fie.tpine Rew: The fundamentals of isostasy. 





SCIENTIFIC NOTES AND NEWS 


Dr. J. J. ABEL, professor of pharmacology at the 
Johns Hopkins University, will be presented with the 
Willard Gibbs medal at the second annual meeting of 
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the Mid-West regional division of the American Chen, 
ical Society in Chicago on May 27 and 28. 


Dr. Simon Fiexner, director of the Rockefelle, 
Institute for Medical Research, gave a series of three 
lectures on epidemiology under the Herter Foun. 
tion of the University and Bellevue Hospital Medjcq| 
College, New York, on April 18, 20 and 22. 


ProFEssoR JAMES W. JOBLING, of the Columbiy 
University College of Physicians and Surgeons, wa 
elected president of the American Association of 
Pathologists and Bacteriologists at the recent Roches. 
ter meeting. 


At the Richmond meeting of the American Chen. 
ical Society, Professor Richard Willstitter, until 1. 
cently head of the department of chemistry at the 
University of Munich, now lecturing in the United 
States, was elected an honorary member. The society 
restored to honorary membership Dr. Wilhelm Oy. 
wald and Dr. Walter Nernst, who had been dropped 
from the rolls during the war. 


Sir FREDERICK GOWLAND Hopkins, professor of 
biochemistry at the University of Cambridge, rw. 
ceived from the University of Aberdeen, at the gradua- 
tion ceremonies on March 23, the honorary degree of 
LL.D. 


At the June convocation of the University of Dur- 
ham, the honorary degree of D.C.L. will be conferred 
upon Sir James Berry, president of the Royal Society 
of Medicine and consulting surgeon to the Royal Free 
Hospital. 


Dr. Cuar.es F. JENKIN, professor of engineering 
at Oxford University, and Dr. A. C. Seward, pro- 
fessor of botany at the University of Cambridge, will 
receive honorary degrees from the University of Edin- 
burgh at the graduation ceremony on June 1. 


Dr. JOHANNES THIENEMANN, director of the bird 
station at Rositten, has been elected a corresponding 
member of the American Ornithologists’ Union and ot 
the Danzig Society of Natural History. 


Proressor WILLIAM THALBITZER, Danish naturalis! 
and Arctic explorer, has been awarded the Loubat 
prize of the Swedish Academy of Science. 


THE council of the Geological Society of London 
has this year awarded the proceeds of the Danid- 
Pidgeon Trust Fund to Mr. William Elgin Swinton, 
who proposed to undertake the comparison of British 
Mesozoic reptilia with those from similar deposits 
the continent of Europe. 


Dr. ArTuR HantzscH, professor of chemistry at 
the University of Leipzig, celebrated his seventieth 
birthday on March 7. 
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Dr. WaLLAcE W. Atwoon, president of Clark Uni- 
versity, has been presented with a diploma by the 
Institute of Technology of Breslau, Germany, con- 
ferring upon him the rank and rights of honorary 
senator. The testimonial said the diploma was given 
pecause of his distinguished work in development of 
economie geography and his efforts for the reestab- 
lishment of scientific relations between America and 


Germany. 

Mrs. Cart AKELEY, of New York, has _ been 
awarded the Royal Decoration of Honneur Extra- 
ordinaire by King Albert of Belgium for her work 
in completing the expedition of her late husband, 
Carl Akeley, into the Belgian Congo to get gorilla 
specimens for the American Museum of Natural 
History. 

At the meeting of the Alabama Academy of Science 
held in Birmingham on April 8 and 9 the following 


| officers were elected for the year 1927-28: President, 
' John R. Sampey, Howard College, Birmingham; 


first vice-president, John Y. Graham, University of 


_ Alabama; second vice-president, Harry F. Thomson, 


Birmingham; secretary-treasurer, James L. Brake- 
field, Howard College, Birmingham. The president 
appointed Dr. Wright A. Gardner, Alabama Poly- 
‘technic Institute, councilor to the American Asso- 
ciation for the Advancement of Science. 


Dr. Howarp A. Epson, scientific and administra- 
tive head of the office of vegetable and forage dis- 
eases of the U. S. Bureau of Plant Industry, has 
been appointed chief examiner of the United States 


s Civil Service Commission by President Coolidge. He 


succeeds Herbert A. Filer, who died recently. 


Dr. Witt1am MontcomMery McGovern, anthro- 
pologist and explorer, has been appointed assistant 
curator of South American ethnology in the Field 
Museum of Natural History, Chicago. 


E. L. CHappeLt has left the research laboratory 
of applied chemistry of the Massachusetts Institute 
of Technology to continue special studies on corrosion 
of water piping for the National Tube Company in 
the New York area. 


Dr. JosepH §. Inzick has been appointed State 
Forester for Pennsylvania. For the last seven years 
he has been chief of information and director of re- 
search for the forestry department. 


Proressor LAURENCE M. GouLp, of the department 
of geology at the University of Michigan, has been 
named senior member and director of the George 
Palmer Putnam Expedition which will visit the 
Arctie regions this summer. The field work of the 
expedition will include extensive surveys in conjunc- 
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tion with a detailed mapping of the chief geographic 
characteristics of the area north of Baffin Island. 


Dr. N. L. Brirron, director-in-chief of the New 
York Botanical Garden, has returned from a ten 
weeks’ collecting trip in Porto Rico. 


Mrs. AGNES CHASE, associate botanist in the grass. 
herbarium at the U. S. National Museum, sailed for 
Europe on March 26. She intends to visit Berlin, 
Paris, Geneva and Vienna, returning about June 15. 
The primary object of the trip is to study types of 
Paspalum in connection with a ee or, ol of this 
grass genus now in preparation. 


Dr. GitgertT GROSVENOR, president of the National 
Geographical Society, sailed from New York on April 
13, for a five weeks’ visit to Spain and Morocco. 


Dr. HarLow SHAPLEY, director of the Harvard Col- 
lege Observatory, gave a lecture entitled “Beyond the 
Milky Way” at Cornell University on March 12. 


PROFESSOR WALDEMAR LINDGREN gave four lectures 
on mineral deposits, with especial reference to those 
of magmatic affiliations, at Queen’s University on 
March 8, 9 and 10, under the auspices of the Willet 
G. Miller fund. 


On April 9, Professor J. H. Priestley, of the de- 
partment of botany, University of Leeds, England, 
delivered an address to the Royal Canadian Institute 
on the subject “Light and the Growth of the Plant.” 


Sm Joun Russe tt, director of the Rothamsted Ex- 
periment Station, England, will lecture at the Wiscon- 
sin Agricultural Experiment Station in May. 


Dr. Francis CuyLER VAN Dyck, emeritus professor 
of physics at Rutgers University, died on April 11, 
aged eighty-two years. 

Dr. Davip HoueH Dottey, professor of pathology 
in the school of medicine at St. Louis University, has 
died at the age of forty-eight years. 


Dr. Jutius 8. Hortvet, for twenty-seven years 
chief chemist of the Minnesota State Dairy and Food 
Department, has died, aged sixty-three years. 


THe death is announced of Dr. D. MacEwan, emer- 
itus professor of surgery in Univeristy College, Uni- 
versity of Dundee. 


ARTHUR BERNARD DEACON, a recent graduate in 
anthropology from the University of Cambridge, died 
on March 12 at Malecule, in the Hebrides, where he 
had gone on an anthropological expedition. Mr. 
Deacon was twenty-four years old. 


PROFESSOR HERMANN WICHELHAUS, formerly head 
of the department of technology at the University of 
Berlin, has died, at the age of eighty-five years. 
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Dr. GeorcGeE Ossian Sars, retired professor of 
zoology at the University of Oslo, well known for his 
work on oceanic zoology, died on April 10, at the age 
of ninety years. 


THE American Electrochemical Society is to cele- 
brate its silver jubilee at the coming spring meeting, 
to be held at the Hotel Benjamin Franklin, Phila- 
delphia, on April 28, 29 and 30. Professor Edgar 
F. Smith, of the University of Pennsylvania, will 
preside at the session commemorating the founding 
of the society. Most of the charter members naw 
living expect to attend the meeting. Interesting 
papers have been received describing the progress 
made in the past twenty-five years in the electric 
furnace, aluminum, cyanamid, chlorine and other in- 
‘dustries. There will also be a review of the general 
progress in the entire field of electrochemistry. An 
outstanding feature of one of the meetings will be 
the address by Peter Debye, of the University of 
Zurich, on “The Dielectric Constant of Electrolyte 
Solutions.” Professor Hugh S. Taylor, of Princeton 
University, will preside at this session. 


THE Illinois State Academy of Science will hold its 
twentieth annual meeting on April 29 and 30 at Joliet, 
Illinois. The preliminary program contains a list of 
more than sixty papers to be presented before the 
various sections of the academy. 


A JOINT meeting of the Wisconsin Academy of 
Seiences, Arts and Letters, the Wisconsin Archeolog- 
ical Society and the Midwest Museums Conference 
was held at the University of Wisconsin on April 7, 
8 and 9. At the close of the meeting the following 
were elected to serve as officers of the Wisconsin 
Academy for a term of three years: President, Samuel 
A. Barrett; vice-president for sciences, Storrs B. Bar- 
rett; vice-president for arts, Arnold Dresden; vice- 
president for letters, E. K. J. Voss; secretary- 
treasurer, Chancey Juday. 


THE Journal of the American Medical Association 
reports that the fourth International Military, Med- 
ical and Pharmaceutical Congress will be held at 
Warsaw, Poland, in May. About 3,000 delegates 
representing forty countries will participate, but the 
United States will not be represented officially be- 
cause of the failure of Congress to pass the second 
deficiency appropriation bill; it will be represented 
unofficially by representatives of the U. S. Public 
Health Service who may be in the proximity of 
Warsaw at the time of the congress. A sanitary- 


hygienic exhibit will be held in connection with the 
congress, which will consist of sections on (1) mili- 
tary field sanitary equipment; (2) scientific hospital 
equipment; (3) sanitary equipment of dwellings; (4) 
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chemical and pharmaceutic material; (5) physiciang 
and dentists’ office equipment, and (6) veterinary 
equipment. Details may be obtained from the Ame. 
ican commercial attache, Aleja Ujazdowska 36, War. 
saw, Poland. 


THE Royal Photographie Society of Great Britaiy 
is holding its seventy-second annual exhibition iy Sep. 
tember and October of this year. This is said to 
the most representative exhibition of Photographie 
work in the world, and the section sent by America, 
scientific men heretofore has sufficiently demonstrate 
the place held by this country in applied photography, 
It is hoped that the scientific section will be well rep. 
resented in 1927, and, in order to enable this to jy 
done, with as little difficulty as possible, A. J. Newton, 
of the Eastman Kodak Company, Rochester, N, Y, 
has arranged to collect and forward American work 
intended for the scientific section. This work shoul 
consist of prints showing the use of photography for 
scientific purposes and its application to spectroscopy, 
astronomy, radiography, biology, ete. Photography 
should be received not later than June 11. 


THE Massachusetts Institute of Technology an- 
nounces ten research fellowships of $1,000 each for the 
year 1927-28, open to graduate students who desire to 
undertake the investigation of fundamental problems 
in the field of automotive engineering. Applicanis 
for these fellowships must present evidence, not only 
of high scholastic standing, but also ability to cary 
on research. Further information regarding these 
fellowships may be obtained from Professor H. M 
Goodwin, dean of graduate students, Massachusetts 
Institute of Technology, Cambridge. 


In cooperation with the Pittsburgh Experiment Ste- 
tion of the United States Bureau of Mines, eight re 
search fellowships in mining and metallurgy are of- 
fered by the Carnegie Institute of Technology for the 
coming year. The fellowships are open to graduates 
of colleges, universities and technical schools who are 
properly qualified to undertake research investigations. 
Each fellowship carries a stipend of $750. The pur 
pose is the solution of problems which are of special 
importance to the mining, metallurgical and allied 1- 
dustries. Several of the fellowships will be financed 
by industrial groups or corporations. 


SECRETARY JARDINE has reappointed as members of 
the Northeastern Forest Research Council, for a p& 
riod of four years, Professor R. 8. Hosmer, of Cor 
nell University, and Dr. J. C. Kendall, of the New 
Hampshire Agricultural Experiment Station. He has 
also appointed S. H. Thomson, president of the Fed- 
eral Land Bank, of Springfield, Mass., in place of ©: 
H. Keith, of the New England Box Company, 2" 
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Blaine S. Viles, state forest commissioner of Maine, 
in place of F. H, Colby, of the Kennebec Valley Pro- 
tective Association. The place left vacant by the 
resignation of H. G. Philbrook, of the Vermont Tim- 
perland Owners’ Association, has not yet been filled. 
This council was created to encourage and coordinate 
research in forestry by all appropriate agencies in the 


Siciang’ 
erinary 
Amer. 
) War. 


Britain 


n Sep. Northeast, including the Northeastern Forest Experi- 
to be ment Station, which functions as a part of the Forest 
Taphie Service. 

eT ican c { : 

trated ACCORDING to information given out by the health 
raphy, section of the League of Nations and reported by the 
I rep. Berlin correspondent of the Journal of the American 
to he fe Medical Association, four Japanese medical men will 
owtop, Ag be Sent next year to Europe for a stay of nine months. 
‘i y. Their specialties are prophylaxis of infectious dis- 
elk eases, the science of nutrition, diseases of the repro- 
hould Me ductive organs and insurance legislation. Four medi- 
1y for ge cal: men will likewise be sent from Europe to Japan 
copy, Ee 2" nine months, and will be admitted to the Imperial 
raphs ae J#Panese Institute for Infectious Diseases, the Kita- 


sato Institute and the Hygienic Institute and the In- 
stitute for the Science of Nutrition, at the University 


| al: BS of Tokyo. 


a Tue American Society of Mechanical Engineers 
slems ME bas accepted custody of $17,500 given by the Lincoln 
cants (Ee Electric Company of Cleveland, to be awarded to 
only Me those contributing the best three papers disclosing 
ary [E uew information that will tend to advance the art 
mee of are welding. For the best paper $10,000 will be 
| M, HE awarded; second prize is $5,000 and third prize 
setts Me $2,000. The purpose of the competition is to en- 


courage improvements in the art of are welding, the 
pointing out of new and wider applications of the 
Sta- process or indicating advantages and economies to be 


7 gained by its use. 

Pl Dr. CHas. N. Govuxp, director of the Oklahoma 
ates Geological Survey, announces that Governor Henry S. 
are (Johnston has signed the bill appropriating funds for 
ons. Me ‘Le work of the survey during the coming biennial. 
pur The amount provided is $45,000 per year. Plans are 


cial (Peng consummated to put several parties in the field 
‘jn. § “uring the coming summer and to issue reports on 
cod fe ‘he work accomplished. These plans contemplate 
studies of the Simpson formation of the Arbuckle 

_@ Mountains, which contains the “Wilcox” oil sand, 
Ol TE by Charles E. Decker; a study on the zine fields of 
a Ottawa County by Samuel Wiedman; studies of the 
“ Cretaceous of Western Oklahoma by Fred M. Bul- 
oN B® lard; studies of the Woodford-Sycamore-Caney beds 


"i of Mississippian and Pennsylvanian age in the Ar- 
¢ buckle and Ouachita Mountains by C. L. Cooper; a 
ic study of the asphalt of the state carried on in coop- 


eration with the experiment station of the U. S. 
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Bureau of Mines at Bartlesville; and a study of road 
materials in cooperation with the State Highway 
Commission. During the past two years reports ag- 
gregating over three million pages have been issued 
by the Oklahoma Geological Survey. 


A PROCLAMATION by President Coolidge enlarging 
the boundaries of the Superior natural forest in Min- 
nesota to include approximately 386,600 acres, which 
are ultimately to be added to that reserve, has been 
made public by the forest service of the U. S. De- 
partment of Agriculture. The executive order brings 
the total area held by the government in the Superior 
reserve for restocking with native timber, in accord- 
ance with the forestry services lakes states reforesta- 
tion program, to 1,186,761 acres. The Minnesota na- 
tional forest, another project, includes 190,000 acres, 
and the Tawas national forest, in the northern part 
of the lower peninsular of Michigan, comprises 
126,762 acres. 


Dr. WILLIAM ScuHavs, specialist in Lepidoptera in 
the U. S. Bureau of Entomology, recently donated 
to the National Museum a valuable collection of 
10,000 specimens of moths, most of them from 
Bolivia, which were purchased by him from a ecol- 
lector of that country. 


AN entomological survey of the Pacific, financed by 
private funds, is being organized in Honolulu. On 
the directing committee are Dr. C. Montague Cooke, 
chairman, Charles R. Hemenway, Dr. Arthur L. Dean 
and Charles S. Judd. 


THE John Borden-Field Museum expedition to the 
Arctie will sail from San Francisco on April 23, in 
the Northern Light, a vessel specially constructed for 
Mr. Borden a few months ago. Several members of 
the party will be taken aboard at Victoria, British 
Columbia, from whence the vessel will proceed north- 
ward through the inside passage between the islands 
and the mainland, to the extreme western end of the 
Alaskan peninsula. The latter part of July the ex-— 
pedition will enter the Arctic Ocean, where it will 
remain for about two months. 


THE University of Rochester is making plans for a 
teaching museum of natural history to be included in 
its new plant on Oak Hill. The new museum is 
planned to cover geology and biology, and will con- 
sist of two floors, each about eighty feet square. 
Construction of the exhibits has begun. One of the 
wall models now completed depicts Allen’s Creek flow- 
ing through a glen about five miles east of Rochester. 
A second model will show Irondequoit Bay and pre- 
liminary studies are under way for a third model to 
show the evolution of the horse. 
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Dinosaur HALL, said to contain the finest collection 
of prehistoric reptilian remains in the world, was 
opened formally on March 9 at the American Museum 
of Natural History. The hall is on the fourth floor 
of the new southeast wing of the museum, built with 
a $1,500,000 appropriation made by the city during 
Mayor Hylan’s administration. 


Five hundred specimens of mammals, reptiles, 
frogs, birds, fishes and insects have been received 
by the Field Museum from the Field Museum- 
. Conover-Everard expedition to Central Africa, ac- 
cording to an announcement by D. C. Davies, director 
of the museum. The expedition was financed jointly 
by H. B. Conover, associate in ornithology at the 
museum, and Robert T. Everard, Detroit sportsman. 
They were accompanied by John T. Zimmer, assistant 
curator of birds at the museum. Leaving Chicago 
last April the party spent approximately eight months 
collecting in Central Africa. 


AN outdoor museum, which will display under nat- 
ural conditions examples of every tree, shrub and herb 
found growing in the Harriman State Park, New 
York, and a menagerie, showing in natural environ- 
ments all the animals native to the Hudson High- 
lands region, will be developed at Bear Mountain in 
the park. Announcement to this effect was made on 
February 21 by the commissioners of the Palisades 
Interstate Park, which will carry out the plan in co- 
operation with Henry Fairfield Osborn, president of 
the American Museum of Natural History. The mu- 
seum will be built with funds granted by the Laura 
Spelman Rockefeller Memorial at the request of the 
committee on outdoor education of the American Asso- 
ciation of Museums, of which Chauncey J. Hamlin, of 
Buffalo, is chairman. The cost of the building will be 
about $7,500. 


DurinG the past two years the Oklahoma Geological 
Survey, under the direction of Chas. N. Gould, has 
held a series of field conferences in Oklahoma and 
adjacent states, for the purpose of studying and cor- 
relating the different geological formations of the 
region. While these conferences are held primarily 
for geologists, the interested public is welcome. More 
than 200 geologists have participated in these various 
conferences. Two other conferences are scheduled for 
the coming months. On March 28 and 29, following 
the annual meeting of the American Association of 
Petroleum Geologists at Tulsa, there will be a confer- 
ence in the Arbuckle Mountains and the Ardmore 
Basin. Among the points of interest to be visited will 
be the porphyry monadnock known as East Timbered 
Hills, Turner Falls, Price’s. Falls, the asphalt mines, 
White Mound, Burning Mountain, Caddo Anticline 
and Criner Hills. Later in the season, probably in 
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May, it is planned to hold a field conference in the 
Panhandle of Oklahoma, studying conditions neg, the 
Ramsey well in Cimarron County, together wit) the 
voleanie rock on Black Mesa and the various Cretg. 
ceous exposures in that area. 


THE cancer commission of Harvard University gy; 
the Collis P. Huntington Memorial Hospital have 1» 
ceived contributions amounting to $34,619 for the 
cancer fund. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


Intinois WoMAN’s COLLEGE, Jacksonville, Illinois 
is to have a new science hall which will cost aboy 
$200,000. It will be a three-story brick and stone 
building of the Georgian type of architecture and vill 
contain laboratories and classrooms for the depar- 
ments of chemistry, physics and biology. It will 
ready for occupancy next fall. 


Work is to start about June 1 on the new $300,(0i) 
science building which Milwaukee-Downer College will 
build to house the departments of zoology, botany, 
physics, geology, geography and domestic science. 


THE construction of a new three-story $600,000) 
building for the Philadelphia College of Pharmacy 
and Science will be undertaken at once. The board of 
trustees of the college has decided to reduce the nun- 
ber of freshman students for the next session to 250, 
in the interests of better education. 


THE Neurological Institute of New York City has 
received a gift of $200,000 from Mr. William Bing- 
ham, of New York and Cleveland. The gift is to be 
used to build and equip one floor in the new building 
of the institute to be constructed in connection witl 
the new Columbia-Presbyterian medical center, and 's 
given a3 a memorial to Dr. J. G. Gehring, neurologist, 
of Bethel, Me. 


CHANCELLOR TryGGER, of Upsala University, has 
announced that the institution will celebrate its 450th 
anniversary from September 15 to 17. University 
representatives in all parts of Europe will be invited 
to attend. Upsala University was founded in 1477 by 
Jakob Ulfson. 


Dr. Kirtuey F. Maruer, associate professor ° 
physiography at Harvard University, has been p! 
moted to be professor of geology. 


Rutcers University has promoted Dr. Leon 4 
Hausman, from assistant professor of zoology to ass 
ciate professor; Dr. Clyde M. Huber, from instructo! 
to assistant professor of mathematics, and Dr. Darrell 
B. Lucas, from instructor to assistant professor of 
agricultural engineering. George W. Musgrave, P'” 
fessor of agronomy, has resigned. 
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In the school of medicine at Stanford University, 
Dr. George D. Barnett, Dr. W. Edward Chamberlain 
and Dr. Henry G. Mehrtens have been promoted to 
full professorships in the department of medicine. In 
the same university Dr. Maurice L. Tainter has been 
promoted to an assistant professorship of pharma- 


cology. 
Dr. Hutsey Cason has been appointed assistant 
professor of psychology at the University of Rochester. 


J. W. Barker has resigned his position as pro- 
fessor of chemistry in the Junior College of Flat 
River, Mo., to fill an assistant professorship in the 
chemistry department of Wittenberg College. 


Proressor W. W. C. Topuey has resigned from the 
chair of bacteriology and the directorship of the pub- 
lic health laboratory at the University of Manchester, 
as from September next, when he will take up his 
duties as professor of bacteriology and immunology 


' in the new London School of Hygiene and Tropical 


Medicine. 


Tue chair of mineralogy and geology at the Uni- 
versity of Lille has been changed to a chair of geology 
and physical geography and M. Leriche has been ap- 
pointed to the position. 





DISCUSSION AND CORRESPONDENCE 
THE LUNAR ECLIPSES OF 1927 


THERE are to be two lunar eclipses in 1927, about 
the middle and end of the year. Some of their rela- 
tions to the earth’s atmosphere are as follows: 

1927 June 15, the first eclipse is at its height (mid- 
eclipse) at 8 h 24.2 m, Universal Time; but the 
moon barely gets within the umra on the north side 
of the earth’s shadow. The radius of the geometrical 
umbra is 40.8’; the outer limb of the moon at mid- 
eclipse is distant 40.7’ from mid-shadow. At this 
moment the edge of the shadow nearest to the moon’s 
limb is east by the earth’s surface and atmosphere 
at about W 97.3°, N 63.75°, in the neighborhood of 
Baker Lake, which drains into Chesterfield Inlet, on 
the west shore of Hudson Bay. It would be very 
interesting to know the weather, cloud and sky con- 
ditions in this region at this moment. But the atlas 
indicates hardly any population there. 

In the eclipse of 1892 November 4 the outer limb 
of the moon was 43.0’ from mid-shadow, the radius 
of the geometrical umbra was 45.4’, so that the 
immersion was deeper than in the coming case. But 
Gale, at Sydney, N. S. W., reported the limb so bright 
as to give the impression that the eclipse was not 
total; Russell, also at Sydney, said definitely that it 
Was not total; Doberck, at Hong Kong, remarked on 
the brillianey of the immersed limb. We may expect 
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this time to observe the density of the earth’s shadow 
very near to the edge, but due to weather and climate 
conditions very different from those which ruled in 
1892. Then the grazing point was over water, be- 
tween Iceland and Norway, north of the Shetland 
Islands. 

The last rays on the moon’s limb at first contact 
with the umbra graze the earth’s surface or atmos- 
phere about W 174.7°, N 32.7°. This is at sunset 
on the open Pacific, north of Pearl and Hermes. Tho 
rays at last contact in like manner graze about 
W 69.1°, N 17.6°, a point at sunrise in the Caribbean 
Sea, considerably south of Catalina Island, south of 
Santo Domingo. Observations of weather, cloud and 
sky at these points are desired, for comparison with 
direct observations of the shadow edge at these 
moments. 

The two internal contacts at this eclipse come so 
close together that they are hardly separable from 
mid-eclipse. At mid-eclipse the sunrise-sunset line, 
centered about the subsolar point at E 54.0°, N 23.3°, 
passes by Cape San Roque, Nova Scotia, Great Bear 
Lake, New Guinea, Gulf of Carpentaria and Enderby 
Land. Of all this great circle, however, only a frac- 
tion, perhaps 35°, on the two sides of the Baker Lake 
region, is effective in illuminating the eclipsed moon. 

The second lunar eclipse, on December 8, with mid- 
dle at 17 h 34.6 m, Universal Time, is of much 
deeper immersion, 11’ or more at most, in the south- 
ern half of the shadow. The inner (north) limb of 
the moon just covers the middle of the shadow. The 
grazing light at the contacts comes from regions about 
the points indicated: 

First Contact: E 41.6°, S 25.7°, in the Mozam- 
bique Channel, between Tullear and Europa Island, at 
sunset. 

Second Contact: E 51.0°, S 51.3°, in the Sea Tang, 
south of the Crozets, at sunset. 

Third Contact: E 164.4°, S 22.0°, southwest of 
New Caledonia, at sunrise. 

Fourth Contact: E 157.0°, S 3.5°, northeast of 
Bougainville Island, at sunrise. 

Observations of weather, cloud and sky at these 
points are desired, for comparison with observations 
of the shadow edge at the contacts. 

At mid-eclipse the sunrise-sunset line is centered 
about the subsolar point at W 85.75°, S 22.7°, and 
passes over or near Kaiser Wilhelm Land, Fiji 
Islands, Sitka, Timbuctoo, Mossamedes, Cape Town. 
The whole southern half of this great circle is effec- 
tive in illuminating the eclipsed moon at this moment. 

The mere naming of the grazing points above in- 
dicates that observations within a few degrees of 
them are unlikely to be obtained. Still, it is desired 
that persons near any such, at sea or ashore, report 
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their observations of weather, cloud and sky, at the 
sunrise or sunset moments indicated, either to some 
scientific journal or to the address, Lunar Eclipses, 
Harvard College Observatory, Cambridge, Mass., 
U. S. A. 
Wituarp J. FISHER 
HARVARD COLLEGE OBSERVATORY 


RESEARCH ON VIRUSES CAUSING PLANT 
DISEASES 


Because of failure to determine the nature of filter- 
able viruses by microscopic or culture methods, plant 
pathologists have for some time been attempting to 
obtain less direct evidence on the nature of these dis- 
ease-causing agents by studying their resistance to 
various treatments, such as desiccation and exposure 
to chemicals. The results of such studies are very 
valuable but are often difficult to interpret, because 
the virus, as heretofore studied, has been contained 
in a complex medium, the host plant extract. 

It is well known that the properties of colloids may 
be greatly modified by the addition of certain sub- 
stances. For example, Mines! has shown that ‘the 
addition of certain protective proteins to colloidal gold 
may cause the latter to exhibit properties character- 
istic of proteins. Similarly, it appears possible that 
protective colloids, as well as other factors in the com- 
plex plant extract, may so modify the properties of 
a virus as to give an erroneous impression of its real 
nature. 

The marked resistance of some of the viruses to 
toxic chemicals suggests the possibility that such 
viruses may remain infective after various purifica- 
tion treatments and may therefore be obtained in a 
fair degree of purity. The properties of such purified 
or partly purified virus should be more reliable as 
an indication of its nature than properties exhibited 
by a virus contained in complex plant extract. 

A study of the literature on viruses and enzymes 
has suggested the possibility that the operations re- 
cently used by Sherman, Caldwell and Adams? and 
others in attempting to isolate enzymes may be suc- 
cessfully used in similar attempts to purify viruses. 
Among the operations which may be useful in such 
work are selective adsorption, treatment with micro- 
organisms, precipitation, cataphoresis, centrifugation, 
sedimentation and dialysis. 

While numerous studies on virus properties such as 
longevity, resistance to drying and chemicals, and in- 
activation by certain plant juices have been made, it 
appears that the available evidence, although very 
valuable, is insufficient to warrant conclusions as to 


1 Koll, Chem. Beihefte, 3: 191-236, 1912. 
2 Jour. Amer, Chem. Soc., 48: 2947-2956, 1926, 
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the animate or inanimate nature of the viruses, Other 
similar experiments which appear promising for fur. 
nishing further evidence on this question are listed 
below. 

(1) Since the protozoa appear to be particularly 
susceptible to high oxygen concentrations, Cleveland? 
has suggested that evidence on the nature of the 
viruses might be obtained by subjecting them 4 
oxygen treatments. The influence of the absence of 
oxygen should also be very interesting. 

(2) Test viruses for tropisms. 

(3) Cataphoresis of a virus at various hydrogen. 
ion concentrations and before and after treatment with 
other ions. 

(4) Attempt to inactivate a virus by mixing it wit) 
colloids of known composition. If inactivation is sy. 
cessful attempt to reactivate the virus by methods 
similar to that used by Johnson-Blohm* in reacti- 
vating rennet. These methods may also be useful 
in reactivating a virus which has been inactivated by 
certain plant juices. 

(5) Attempt to separate the causal agent into 
several components by dialysis or other separation 
methods. 

(6) Test host tissues for compounds often pro- 
duced by microorganisms. 

(7) Attempt to detect respiration in the viruses. 

T. E. Rawtiys 

PLANT PATHOLOGY DIVISION, 

UNIVERSITY OF CALIFORNIA 


NATIVE AMERICAN APPLES 


THE indigenous apples of America form an inter- 
esting group of species that have been neglected be- 
cause the cultivated apple, Pyrus Malus, with better 
and larger fruit, came from Europe more than three 
centuries ago. However, a few trees with large fruits 
have been found among wild American apples. Dur- 
ing many years the writer has made a study of these 
large-fruited sports found in the woods of our western 
states, especially Iowa, Illinois, Missouri, Wisconsin 
and Minnesota. Many hybrids have been originated 
at the South Dakota Experiment Station, and it 1s 
now time to publish some of this material. I would 
like information concerning any large-fruited trees of 
the wild American apple, with specimens of the fruit 
and notes as to the history and location of the trees. 
Please help in this search so that a list may be pub- 
lished for future use. 

N. E. Hansen 

SoutH Dakota STATE COLLEGE, 

BrookINGs, SoutrH DaKkora 


8 SCIENCE, n. s., LXIII: 168-170, 1926. 
4Zs. Physiol. Chem., 82: 178-208, 1912. 
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BIOLOGY AT THE UNIVERSITY OF MAINE 

In view of the importance of questions of academic 
tenure and of administrative attitude toward teaching 
and research, recent events at the University of Maine 
concerning the department of biology may be of in- 
terest. On November 23, 1926, Associate Professor 
Alvalyn E. Woodward and I were dismissed with no 
charges of neglect of duty, inefficiency or misconduct. 
When the administration objected to the display of 
the letters of dismissal to numerous biologists it was 
asked for a full statement of the true causes of dis- 
missal. No reasons were given with reference to Dr. 


§ Woodward, and she has since been reinstated. With 


reference to my own case the correspondence printed 
below is self-explanatory. 

On account of the plans of the administration for 
the second semester of the present year, an instructor 
and a full-time assistant resigned and left at the close 
of the first semester. The professor of botany has 
likewise resigned and it appears that the department 
will be entirely reorganized for the coming year. 

P. W. WHITING 

BussEY INSTITUTION November 23, 1926 
College of Arts and Sciences 

Dean’s Office 
Dr. P. W. WHITING, 

Campus 
Dear Dr. Whiting: 

After consultation with the president of the univer- 
sity it has been decided that the department of biology 
is not efficiently organized for carrying on the necessary 
work here. As you know, Dr. Little had visions of a 
strong research department and you and others were 
brought here with that end in view. While we expect 
to emphasize research work to a considerable extent we 
feel that we can not give it the predominance which Dr. 
Little expected. We are, therefore, planning to reduce 
the staff somewhat, and this letter is to inform you that 
the chair which you now hold will be discontinued at the 
close of the academic year. I wish to make it perfectly 
clear to you that your scholarship and ability as a biolo- 
gist are highly appreciated and that your going is a 
result of a situation which has arisen rather than from 
any criticism which we have to make upon your work. 
Both President Boardman and myself will be glad to 
make this situation clear to the department officials of 
any institution where you may care to seek a position. 

Very truly yours, 
(Signed) JAMES S. STEVENS. 


January 18, 1927 
The President 
Proressor P. W. WHITING, 

Campus 
Dear Professor Whiting: 

Replying to your letter of the eighth instant, in which 
you suggest that I give you further information regard- 
ing our request that you sever your connection with the 
Institution, I am giving you the following statement. 
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During the year and a half in which I have been 
in a position to judge, the department of biology has 
not functioned properly under your direction. It is not 
necessary for me to cite instances or discuss reasons, 
It is sufficient to say that the department has not shown 
signs of any recovery and a reorganization is necessary. 
It does not appear that you are primarily interested in 
the administration of a department, especially of one 
which from its position must render all the different 
kinds of service which in this institution we are obli- 
gated to give. The head of the department must in ad- 
dition to other qualifications be able to guide it with a 
firm hand and so correlate its activities that it will 
render efficient service in all of its objectives. This you 
have not done, and this fact, together with your own 
statements, in which you have shown that your chief 
interest lies along other lines, show that you do not fit 
the position you now hold. That this is not against you 
as a scholar or a biologist is conceded, and the letter 
written by Dean Stevens, which evidently created a mis- 
understanding, attempted to make that clear without 
going into further details. 

Permit me to say that it is far from the truth that 
you are severing your connection with this institution 
because you are a research man. It is because you lack 
additional qualifications which are vitally necessary for 
the head of any department. Whether this lack is due 
to inability or to lack of interest does not enter the dis- 
cussion. 

For your information I will say that it is my inten- 
tion to foster the research work of the department of 
biology. I should not consider that the department 
could flourish without it. It is also my intention to 
see that a strong teaching department is developed so 
that the demands made upon it from all sources may 
be met. 

Very truly yours, 
(Signed) H. 8. BOARDMAN, 
President 


February 1, 1927 
PRESIDENT H. 8. BOARDMAN, 

Campus 
Dear President Boardman: 

Your letter of January eighteenth has been received. ~ 
I assure you that, in accordance with your wishes, I 
shall take means to bring this letter to the attention of 
numerous biologists and to any who may be interested 
in affairs at Maine. 

It is evident that my method of running a depart- 
ment is very different from that of which you approve. 
My policy is to have responsible members only, dismis- 
sing the irresponsible The ‘‘firm-hand’’ policy with all 
its time-wasting watchfulness would not then be neces- 
sary. It is well known that the latter method has re- 
cently been employed in another department with the 
approval of the administration and with results not 
conducive to the best type of scholarship. 

I can not admit any lack of attention to management 
of the department or to details connected with teaching. 
Moreover, it should be recognized that, in addition to my 
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own efforts, Mrs. Whiting has devoted considerable time 
and attention in preparation of material for courses 
and in instructing individual students, thus relieving 
other members of the department. 

My ‘‘Program for Teaching and Research in Biolog- 
ical Science at the University of Maine,’’ which was 
submitted to you after President Little’s departure, was 
worked out with much care and approved by several 
eminent biologists at the university. It was, however, 
negatived by the administration in points essential both 
to efficient teaching and to research, despite the fact that 
the present budget allowance was ample to cover all 
expenses involved. 

I assure you that I am leaving Maine with no feeling 
of resentment, but with the hope that a more constructive 
policy will be pursued in the future. 

Very truly yours, 
(Signed) P. W. WHITING 





SCIENTIFIC BOOKS 


Textbook of Comparative Physiology. By CHARLES 
GARDNER Rocers. McGraw-Hill Book Co., New 
York. 1927. List price, $5.50. 


To state that Professor Rogers’s book is new and 
different from others tells little; yet even this feeble 
remark may attract attention to the work among the 
books of the year. The present writer is not a physi- 
ologist, but he feels moved to say something about 
the book for the benefit of his non-physiological 
brethren. Professional physiologists will soon be 
familiar with it; zoologists and botanists working in 
other fields need to have it brought to their notice. 

A few of the chapter headings may be listed: 
II. Solutions, III. Diffusions and Osmosis, V. Prop- 
erties of Protoplasm, VII. General Phenomena of 
Life, X. Blood as an Oxygen Carrier, XIII. Cireu- 
latory Mechanisms, XVIII. Catalytic Actions of Ani- 
mals, XXII. Nutrition of Different Animal Groups, 
XXVI. Physiology of Movement. These rather 
familiar titles, most of which are found in all physi- 
ologies, suggest the general scope of the work and 
yet they do not give any intimation of the freshness 
of treatment and the breadth of outlook which our 
author brings to us. In his hands, physiology be- 
comes functional biology, the real science of life. 

Dr. Rogers compassionately spares us the multi- 
tude of algebraic formulae and soul-corrupting graphs 
now so popular. He is teaching physiology, not 
mathematics, physics and chemistry. He gives clear 
pictures of life processes in general and offers a 
wealth of information about the physiology of inver- 
tebrates not obtainable in our usual books of refer- 
ence. He presents his material in logical and inter- 
esting form with no apparent bias for pet theories. 
If an outsider might presume a suggestion, it would 
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be that in future editions the introductory part ;, 
each chapter be somewhat amplified or that a rather 
“popular” summary be placed at the close of each 
chapter. 

Every young zoologist and botanist (and some of 
the older ones, too) could profit by knowing the book 
and making use of it. 


FRANCIS Ramatry 
UNIVERSITY OF COLORADO 


Ice Ages, Recent and Ancient. By A. P. Cotzmay. 
New York: The Macmillan Co., 1926. pp. 296, 51 
figs., 8 maps. 


Ir is the stroke of the master pen. Only mastery 
could produce so complete, frank, simple and ob- 
viously trustworthy an account of the Ice Ages of the 
earth. Many accounts of personal experience enlive, 
the style of the book. As an introduction to the work 
of ancient glaciers, the activities of living glaciers ar 
sketched with a few well-chosen examples. The Pleis. 
tocene glaciation is treated only briefly, since “the 
work is not intended to take up the Pleistocene in 
great detail, but rather to outline its extent, to de 
scribe its mode of operation and to study particularly 
such features as will throw light on more ancient and 
therefore less completely recorded glaciations.” The 
drift, the extent, the centers of radiation and the in- 
terglacial periods are discussed both for North Amer- 
ica and abroad. One interesting point in North Amer- 
ica is that the Cordilleran sheet was formed first and 
was followed in succession by the Keewatin and then 
the Labradorian sheets. It is inferred by the reviewer 
that this applies to the last of the Pleistocene sheets. 
It would be of great interest to know whether this 
succession holds for the earlier of the Pleistocene in- 
vasions. Doubtless data are not available to answer 
this question, for the author makes no mention of it. 
Four interglacial periods are recognized near the 
drift-margin in North America, while at least one 1s 
distinguished in Canada near Toronto and Moose 
River. Likewise three warm interglacial periods ar 
accepted in the Alps and in Denmark, while studies 
of the interglacial climates have led to the conclusion 
that the ice in Europe, as well as in North America, 
was completely removed at least once during the 
Pleistocene. 

Ancient ice ages are beautifully described. Eocene 
and Jurassic tillites in North America are discussed. 
In all the periods of the Paleozoic era, glaciation 's 
either strongly inferred or is proved. Of these the 
world-wide Permo-Carboniferous glaciation, the greal- 
est in the history of the earth, receives its due col 
sideration. Chapters on the Talehir tillite of India, 
the Dwyka of South Africa, the Squantum of North 
America and the tillites and interglacial deposits of 
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South America and Australia are very impressive. 
They leave no doubt in the reader’s mind of the mag- 
nitude and certainty of the refrigeration. . Continental 
ice sheets of Silurian age are known in Alaska. The 
Varanger Fiord tillites of northern Norway have 
been recently correlated with the Ordovician. Wide- 
spread Ordovician glacial conglomerate is also recog- 
nized in Gaspé. Early Cambrian or late pre-Cam- 
prian tillites are described from the Yangtzi Canyon 
in China, from southern Norway, from several places 
in North America, from Africa and from Australia, 
placing this ice age as equal in magnitude to that of 
the Pleistocene. 

The widespread Gowganda tillite of Huronian age 
in Canada is convincingly described as of glacial 
origin. And beds of similar age, probably of glacial 
origin, are cited from several other parts of the world. 
Conglomerates strikingly like tillites are discussed 
from the Timiskamian and Keewatin rocks of Canada, 
though metamorphism has rendered their sure refer- 
ence to glacial origin uncertain. 

The effects of glacial periods on both plants and 
animals, treated rather fully, makes a very suggestive 
contribution to the study of organic evolution. 

Defects in all existing theories of the cause of ice 
ages are pointed out. But the author confesses he is 
unable to propose something better. In his opinion 
the solution must come from general and local causes 
in a combination of astronomie, geologic and atmos- 
pheric conditions. 

Photographs are numerous and in general very 
good, though many of them lack a scale. The book 
is of great importance not only to the glacial geologist, 
but to the historical geologist, the paleontologist and 
the paleobotanist as well. 

Paut MAcC.LInTOcK 
UNIVERSITY OF CHICAGO 





SPECIAL ARTICLES 


THE NATURE OF THE “INORGANIC 
PHOSPHATE” IN VOLUNTARY 
MUSCLE 


SoME months ago we’ described a colorimetric phos- 
phate method, the special feature of which is the use 
of a very active agent (aminonaphtholsulfonie acid) 
for converting the phosphomolybdie acid to its blue 
reduction product. When we first made use of this 
method for the determination of inorganic phosphate 
in protein-free muscle filtrates, shortly after the de- 
‘ails had been worked out, we found a marked de- 
lay in color production. The time required to reach 
‘constant reading was about thirty minutes, whereas 


1C. H. Fiske and Y. Subbarow, J. Biol. Chem., Vol. 
66 (375)—1925, 
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ordinarily the full color (relative to the standard) 
has developed within four minutes or less. This pecu- 
liar behavior appeared to indicate that muscle contains 
either some substance capable of retarding the color 
reaction or else a very unstable (presumably organic) 
compound which liberates o-phosphorie acid while the 
color is developing. While the course of the color 
development in muscle filtrates turned out to be quite 
different from anything which we had seen in testing 
out the method in the presence of known interfering 
substances, it is impossible to rely on this point as a 
means of distinguishing between the two alternatives. 
Ferric salts, for example, also behave in a way that 
is unique. A mixture of inorganic phosphate and 
ferric chloride certainly does not contain a highly un- 
stable organic phosphorus compound, and the delayed 
color reaction found with muscle filtrates therefore 
does not constitute conclusive proof of the existence 
of such a substance in the muscles. 

Further study of the course of color development 
nevertheless did bring out some interesting and sug- 
gestive points, notably the fact that the delay is hardly 
any more pronounced with 10 ce of musele filtrate, for 
example, than with 5 ce or less. Every interfering 
substance which we investigated in the course of our 
work on the phosphate method, on the other hand, 
shows a much more marked effect when the phos- 
phorus content of the sample is increased. Although 
these facts have been in our possession now for more 
than a year, we have until this time refrained from 
placing them on record, inasmuch as the phenomena 
observed could not with any certainty be ascribed to 
the presence of an organic compound of phosphoric 
acid until the compound had been isolated, or at least 
until the organic radicle had been identified. Both 
these things have now been done, although the isolated 
substance has not yet been obtained in the pure state, 
and the outcome appears likely to throw light on a 
field of biochemistry never before suspected of being 
in any way related to phosphorie acid. 

Muscle filtrates from which all the inorganie phos- 
phate has been removed (by precipitation with barium, 
silver, ete.), as well as material which has been still 
further purified, show the same delay in the pro- 
duction of the color. These facts, together with the 
knowledge that the delayed reaction really is asso- 
ciated with the hydrolysis of an organic compound 
of phosphorie acid, give real significance to the quan- 
titative data which we have meanwhile been accumu- 
lating. Some of these data will now be presented 
before we proceed to a discussion of the nature of 
the substance. 

The method which we have used for the determina- 
tion of this unstable form of phosphorus (which we 
shall for the present designate as “labile phosphorus” ) 
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differs in no respect from our regular phosphate 
method, except that readings are taken at brief in- 
tervals (every minute, beginning with the third, until 
the unstable substance is about half hydrolyzed, and 
thereafter every few minutes until no further change 
occurs). The growth in color intensity for the first 
few minutes is practically linear, and the concentra- 
tion of inorganic phosphate is found by extrapolating 
back to zero time. The sum of the inorganic and the 
“labile” phosphorus is caleulated from the final read- 
ing, and the amount of “labile phosphorus” found by 
difference. From control analyses of solutions of the 
purified organic compound, with and without the 
addition of known amounts of inorganic phosphate, 
we believe that the results are accurate within 1 or 2 
mg of phosphorus per 100 gm of muscle. 

The principal results which we have obtained by 
this method of analysis are as follows: (1) The nor- 
mal resting voluntary muscle of the cat shows gen- 
erally about 60 to 75 mg of “labile phosphorus” per 
100 gm if removed with the greatest possible care and 
at once cooled to 0° C. or below. (The further prepa- 
ration of the material for analysis consists simply in 
precipitating the protein with ice-cold trichloroacetic 
acid, filtering and immediately neutralizing the filtrate 
with sodium hydroxide.) The true inorganic phos- 
phorus under these conditions is only 20 to 25 mg, 
instead of the 80 to 100 mg, shown by other methods 
of analysis. (2) After prolonged electrical stimula- 
tion, the “labile phosphorus” usually falls to about 
20 mg (in one instance to as little as 9 mg), while 
the inorganic phosphorus is correspondingly increased. 
(3) Stimulation with the blood supply shut off, in 
which case complete fatigue ensues, causes complete 
disappearance of the unstable compound, within the 
error of analysis. Merely shutting off the circulation 
for an equal length of time has little or no effect. 
(4) A period of rest after the muscle has been stimu- 
lated is accompanied by resynthesis of the organic 
eompound. The maximum yield of “labile phos- 
phorus” so far observed under these conditions is 46 
mg per 100 gm of muscle. The inorganic phosphate, 
however, falls to the normal level, so in all probability 
either some of the phosphate has been discharged into 
the circulation, or else the water content of the muscle 
has increased. 

The compound under consideration is a derivative 
of creatine. On a small scale we have succeeded in 
separating it from all other phosphoric acid com- 
pounds. On a sufficiently large scale to yield material 
enough for a complete analysis, the separation is not 
so readily accomplished by our present methods, and 
the best products that we have so far procured con- 
tain several per cent. of one or more other phosphorus 
compounds, since the full blue color can not be ob- 
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tained unless the material is ashed. In spite of this 
contamination, the phosphate, creatine and base jy 
two salts which have been prepared add up to aboy 
85 per cent. of the weight of the entire substance, 
indicating the probable absence of a third component. 
The elementary analysis of amorphous products, un. 
less they are of definitely established purity, prove 
very little. Our main evidence for the existence of 
“phosphocreatine” in muscle is of a quite different 
nature. In the first place, we have found that the 
“labile phosphorus” can be more or less completely 
separated by precipitation with a number of differ. 
ent reagents (six in all have been used to date), and 
that in each case there is precipitated with it one 
equivalent of creatine. One of these reagents (copper 
in slightly alkaline solution) has been applied to 
muscle filtrates prepared under various conditions, 
and the proportionality between creatine and “labile 
phosphorus” has never failed. A few typical illus. 
trations of our experience with copper precipitation 
are given in the accompanying table. They serve to 
show that creatine and the labile form of phosphate 
are precipitated together, in equivalent proportions, 
whether the muscle was fresh and in the resting state 
or whether it had been subjected to manipulations 
which alter the concentration of the “labile phos- 


Mg per 100 gm muscle 


Molecalar 
Creatine in ratio of ecrea- 
‘*Labile washed cop- tine to phos- 


phos- per pre- phorie 
phorus’’ cipitate acid 
Normal resting muscle.. 70 280 0.95 
do 77 323 0.99 
Normal resting muscle: 
CARMI scissile 65 269 0.98 
(2) Stood few min- 
utes after re- 
moval from 
eS 55 222 0.96 
(3) Stood for longer 
ND orci eat 32 128 0.95 
(4) Analysis of tri- 
chloroacetie 
acid filtrate 
(from fresh 
muscle) which 
had stood for 
several hours... 0 2 
Muscle stimulated for 
10 minutes with cir- 
culation intact .............. 20 82 0.97 


Muscle stimulated to 
fatigue with blood 
supply shut off, fol- 
lowed by 1 hour rest 
EE wexkoatelasooasanon 44 192 


1.03 
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horus.’ Thus, when the muscle is allowed to stand 
outside the body, the “labile phosphorus” content 
progressively diminishes at a fairly rapid rate (it is 
entirely gone in less than twenty minutes), and at 
the same rate creatine is set free, as indicated by its 
failure to be thrown down by copper. If the tri- 
chloroacetie acid filtrate prepared from a sample of 
fresh muscle is kept (unneutralized) for several hours, 
the “labile phosphorus” has completely disappeared, 
and the copper precipitate is then virtually free from 
creatine. The same parallelism holds for muscle 
which has been stimulated, showing that the liberation 
of inorganic phosphate during stimulation is asso- 
ciated with the conversion of the creatine to a form 
in which copper will not precipitate it. Finally, in 
case the muscle has been stimulated with the blood 
supply cut off—a procedure which, as stated, leads to 
the loss of all the “labile phosphorus”—and then per- 
mitted to recover, the reappearance of “labile phos- 
phorus” is accompanied by the return of an equivalent 
quantity of creatine to the condition in which precipi- 
tation by copper does take place. Direct evidence for 
the synthesis of a ereatine-phosphorie acid compound 
during recovery is thereby attained. 

Quite aside from its obvious bearing on the mecha- 
nism of muscular contraction, the demonstration of 
“phosphocreatine” in muscle should go far towards 
providing an explanation for a number of matters 
which in the past have been obscure. Among these 


may be mentioned the passage of administered crea- — 


tine into muscle in spite of the large quantity already 
there, and the striking difference between resting (liv- 
ing) muscle on one hand and fatigued or dead muscle 
on the other in their capacity for retaining both 
creatine and phosphate, as shown by perfusion and 
dialysis experiments. 
Cyrus H. FIsKE 
Y. SuBBAROW 
BIOCHEMICAL LABORATORY, 
HARVARD MEDICAL SCHOOL 


ON THE UPPER LIMIT OF VIBRATIONAL 
FREQUENCY THAT CAN BE REC- 
OGNIZED BY TOUCH 


Ix relation to experiments on the transmission of 
speech instrumentally to organs of touch in the skin 
and to end organs of the sense of vibration it is of 
more than ordinary interest to discover what is the 
upper limit of vibrational frequencies that can be 
{elt through these senses. 

landlois (Lehrbuch d. Physiol. d. Menschen, 1880) 
States that vibrations of strings are recognizable at 
a frequency of 1552 a second. This is the highest 
figure that has been published hitherto. 
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Dr. V. O. Knudsen, of the Department of Physies 
of the University of California, reports in a paper 
that is about to be published that his subjects reached 
no higher than 1600 d.v. a second. The stimulus was 
furnished by an oscillator and was applied through a 
reed slapping near the tip of the subject’s middle 
finger. 

In my experiments the stimuli are the vowel quali- 
ties e, er, 00, 0, ah and aw, spoken into a high-grade 
microphone. A modified 25 B (Western Electric) 
two tube amplifier is in circuit. An electrical filter 
has been introduced also, and a five unit receiver or 
teletactor. Each of these instruments has been made 
for my use by the Bell Telephone Laboratories. The 
filter analyzes the speech frequencies into five bands: 
0-250; 250-500; 500-1000; 1000-2000 and 2000 plus 
vibrations a second. Each band is led into one unit 
in the receiver and into no other. In the course of 
the experiments that are reported here connections 
have been broken so as to eliminate all but the highest 
band of frequencies—2000 d.v. and above. . 

When the vowel qualities already mentioned are 
pronounced into the microphone the subject feels the 
fifth reed that remains connected through the filter 
when it is in vibration. The figures below indicate 
the degree of the subject’s accuracy of detection. He 
reported “yes” when he felt a vibration; otherwise he 
was silent. The stimulus is received through the 
finger nail or through the skin—preferably the 


former. 


Total impressions—75 
C. Subj.; G. Exp. 


e total 19 Vibrations. Felt 15 
er éé 13 cé cé 0 
oo éé 12 ce ¢é 1 
Oo cé 8 éé ‘é 0 
ah éé 10 “é ce 3 
aw ‘é 13 éé éé 6 
75 25 
O. Subj.; G. Exp. 
Total impressions—74 
e total 181 Vibrations. Felt 18 
er éé 13 éé 4é 7 
00 éé 12 éé cé 12 
Oo “é bed cé éé 2 
ah éé 10 éé éé 3 
aw “é 13 cé éé 13 
74 53 


The subjects in this test are both deaf. They can 
not hear speech. The experimenter, while the test 


1 Missed one e; finger off receiver. 
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was going on, was thirty-five feet from the subjects, 
behind two closed doors and standing upon a pile of 
papers and magazines to damp vibrations that may 
otherwise be assumed to reach the subject through the 
floor from the experimenter’s body. 

When connection was broken between the micro- 
phone and the receiver and the experimenter con- 
tinued to pronounce as usual the subjects gave no 
sign of knowledge that anything was going on. 

What the subjects felt may have been far above a 
frequency of 2000 a second. It was at least as high 
as that. High frequencies in the male voice run up 
as follows: e, 2987; 00, 3700; er, 3050; 0, 3475; ah, 
3683; aw, 3612, (Crandall, Sounds of Speech; The 
Bell System Technical Journal, 1V, 4). In fact these 
figures are next above 1965 in Crandall’s table. It 
is highly probable that our subjects are sensing vibra- 
tions that occur with a frequency approximating 
3000 a second. 


Rosert H. GAvuLt 
VisRO-TACTILE RESEARCH LABORATORY, 
’ NORTHAMPTON, MASS. 


POSSIBLE SOURCES OF SOME BOULDERS 
IN THE GLACIAL DRIFT OF MISSOURI 


THE writer realizes that it is not an entirely safe 
procedure to identify a rock specimen, found in 
glacial drift, as having come from a certain locality, 
by comparing the megascopic characteristics of the 
specimen with the recorded descriptions of rocks from 
various localities. With a full realization of this 
uncertainty, the writer has endeavored to locate the 
original sources of some of the glacial boulders in 
the vicinity of Columbia, Missouri. 

A large variety of rocks has been identified in the 
glacial drift in the vicinity of Columbia. These rocks 
include granites of various colors and varying coarse- 
ness of texture, dolerites, hornblendites, basalts, 
gneisses, both hornblende and mica schists, anortho- 
sites, quartzites of various colors, conglomerates and 
a quartzose-looking rock. For most of these rocks, 
the writer has been unable to locate successfully their 
original sources. The last four rocks above men- 
tioned are the ones about which the writer wishes to 
make a few remarks. 

Anorthosite is not a common rock, being known to 
oceur in relatively few places in North America. It 
is known to occur in the following localities: Adiron- 
dack Mountains, in Wyoming, several places in Can- 
ada, such as in the region of the headwaters of the 
Saguenay River, and north of Montreal, in the Lake 
Superior region in localities as Carlton Peak, Shingle 
Cove and other places. The writer believes that the 
anorthosite found in the glacial drift in the area 
under consideration came from the anorthosite locali- 
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ties along the west shore of Lake Superior. Thi, is 
the only probable locality from which the anorthosite 
could have come. 

The quartzites in the drift are largely the Sioux 
quartzite, which is the hard, red quartzite found in 
Minnesota, Iowa and South Dakota. 

The conglomerate, which is of much interest |p. 
cally, is a jasper conglomerate. The jasper pebble 
are the red-banded and black-banded varieties. The 
pebbles, along with quartz pebbles, are firmly ¢«. 
mented with a siliceous cement. The conglomerate 
closely resembles a portion of the Ogishke congl. 
merate, of Huronian age, found in the Vermilion 
Range of Minnesota. 

The “quartzose-looking” rock is a dark red, fine. 
grained rock containing sandy granules of red jasper. 
Grout, to whom a sample was sent, says of it, in 
part—“I have never seen (it) in place anywhere ex. 
cept on the Mesabi range, as a part of the iron-bear. 
ing formation.” It agrees with the description of the 
ferruginous chert which makes up a part of the iron- 
bearing formation in the Mesabi range. 

The direction of movement of these rocks, if their 
original localities as stated be granted, was there 
fore from the north directly to the south, in almost a 
north-south line. The post-glacial movement, due to 
running water, is believed to be slight. 

In the vicinity of Marysville, Nodaway County, 
Mo., and at Green City, Sullivan County, Mo., there 
have been found several pieces of native copper in 
the glacial till,? the age of the till being unknown to 
the writer. According to W. A. Tarr, one of the 
pieces of copper weighed about twelve pounds. The 
only logical locality from whence this copper could 
have come is the copper country of Upper Michigan. 

Upham® states, “In Lucas County, of southern 
Towa, a mass of drift copper weighing more than 
thirty pounds undoubtedly was borne by the currents 
of the ice-sheet about six hundred miles, from the 
present copper-mining region south of Lake Superior 
or from Isle Royal, first southwestward and later 
southward through eastern and southern Minnesota, 
passing west of the Wisconsin driftiess area. Its 
journey probably was accomplished mostly during 
Nebraskan time.” 

The writer believes that the copper found in the 
northwestern part of Missouri was carried by the 
same currents of the ice-sheet that carried the coppe 
to southern Iowa. 

ALBERT §. WILKERSON 

UNIVERSITY OF WISCONSIN 


1 Personal communication with Dr. F. F. Grout. 


2Personal communication with Dr. W. A. Tarr. 
Bull. G. %: 


3Upham, W. ‘‘Stages of the Ice Age.’’ 
A., Vol. 33, 1922, p. 501. 
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